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Forty-tuo male Holstein calves rere randomly asslgned in a

spltt-plot deslgn to four dletary treatments. The dletary

treatments conalsted of a basal dlet wlth 0.25t phosphorus

(P) and experlmental dlete supplenented wlth canola meal

(samples À, B, C, D, E) or Blophos to provlde P levele of

0.32, 0.36 and 0.40t. À11 dlets were lsocalorlc; houever,

added levels of canola meal lncreased crude proteln levelg.

Dletary proteln level varled from 1{ to 18t (D}l basis).

Dletary treat¡nents uerc arranged 1n a 3X,2 f actor lal .

Calves uere fed vholc mllk for f,our ueeks plus ad llbltun
calf starter. The calvee were placed on tegt at 6 weeks of

age for a ten-week gerlod. Feed lntaker uêlght galn, feed

per kg galn, plaana lnorganlc Pr bone ash, bone P, bone Ca

and the breaklng force of the elghth and nlnth rlbs were

the reaponse crlterla used to measure P avallablllty. Dry

natter consumgtlon, welght galn and feed pel kg galn were

not affected by dletary P level (p > 0.1). 9upplernentatlon

with P lncreaged plaarm P (p < 0.05). Each lncreage ln P

level wlth canola neal resulted ln an lncrease ln plasrna P

level (p < 0.05). The f lrst level of aupplerentary Blophos

resulted ln an lncrease ln plasrna P lcvcl (p < 0.05) vlth
no dlfferencea among leve1s of added 'Blophoa. The breaklng

force, bone ash anð bone P content of the elghth and nlnth

I
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rlbgwerenots1gn1f1cantIyaffectedbyP1eve1s(p>

0.1). Based on blood P responae to an lncreased dletary

level of P, avallabtllty of P from canola rneal vaE at least

equal to the lnorganlc P source. In eltu P dlsappearance ln

the rumen uaa significantly (p < 0.05) loyer for SBll

compared vlth canola meal samples B, D, and E at 12 and 16

h of rumen fermentation. From the louer gastrolntestinal

tract, the ln sltu P dlsappearance vas not slgnlflcantLy (p

> 0.05) dlfferent betueen SBH and Cl{ when pepsln HCI

predlgestlon was used.
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The increaslng cost of phosphorus supplenents has

lntenslfled the neeô for evaluatlon of varlous supplencntal

phosphorur sourcea that can be utlllzed economlcally ln

rumlnant dlets. Rapeseed ls en lnportant ollseed clop In

Canaða (BetI 1982) and the meal from crushed rapeseed ls

belng used extenslvely as a proteln sugplement ln dalry anð

beef dtets. nCanolar deslgnatea cultlvarg of rapeseed low

ln eruclc acld and glucoslnolates (BeIl 1982, 198{).

Rapeaeed meal rhen used aa a proteln supPlcrnent contalng a

relatlvely htgh level of phosphorus (Ktrby and Nelson

1988, NwokoLo and Bragg 1980) and lf avallablc lncreages

the economlc value of the meal.

Cano1a meal contalns 0.78 percent phytln phosphorus

(Klrby and Nelson 1988). Àlthough, the assumgtlon has been

¡nade that canola meal phosphorus ls avallable to rumlnants,

no research hag been cartlcd out on the avallablllty to

rumlnants.

Phoephorus 1g a malor nutrlent needeô for adequate boðy

grovÈh (l{1ller 19?9, Undervood 1981}. Ualng ln vltro
technlques, Chlcco et al. 1965, HalI et al. 1961,

Komlsarczuk et 41. 19S5 and !l1lton and Ternouth 198{
-treported that 30-80 mg t of, phosphorus ln Þuffered

rumlnal fluld sas necessery for mlcroblal metabol.lgm.

Introductlon
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Phosphorus dcflclency depresses gronth, appetlte and feed

efflclency (CalI ct al. 19?8 and Llttle 1968).

The obJectlve of thls study vas to cvaluate the

avallablllty of canola meal phosghorus for groulng calves

In comparlson wlth an lnorganle phoaphorua source and to

measure the ln sltu dlsappearance of phosphorus from canola

meal ln the rumen and the lower gastrolntestlnal tract.



The Àbgorotlon of Phogohorus

the absorptlon of phosphorus occurs prlnclpally fron the

upper cmall lntestlne uhere the pll Is acldlc (Ben-Gheda1la

et aI. L975, Grace et al. 19?{, Kay and Pfeffer 1970 and

Pfeffer et al. 19?0). The anount of dletary phosphorus

absorbed vaa proportlonal to thc lntahe ag long as the

calclum:phocphorus ratlo vas betueen 0.8¡1 and 6¡1 (Lucker

and Lofgreen 1961). ÀLthough, llttle ls known on the actual

absorptlve proce!¡s (es) lnvolveð ln rumlnants, lt has been

showr¡ that phosphorus ls absorbed as the HPol- and ll2Po4

lons. In cattle Ilnlteð absorptlon of phoaghorus occurs in

the orûåsum (Banks and 9nlth 1984, anô Smlth and Edrlse

19?8). Snlth (198{) postulatcd that absorgtlon 1n the

omaaum nlght be ôue to the large surface area. In

monogaatrlcs the abaorptlon of phoaphorus tn the small

integtlne conalsts of en actlve process that ls readlly

saturable and pesslve absorptlon that tends to predomlnate

at hlgh lunlnal phoaphorus concentratlon (Harrlson and

lfarrlslon 1961). gchnelder et aI. (1985) ted 0.72 or l.59 P

fg-l dry natter to young sheep and ðeflned absorgtlon

ualng a prlmary and eecondary comgartmental nodelllng

technlque. Uslng radlotracer technlques, they observed no

dlfferenceg 1n prlmary absorptlon whlch suggested a

Rcvlcr of Lltcraturc
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seturable nechanlsm.

In rumlnantg the kldney lE not the naJor slte of P

excretlon. Evldence suggests that the aallvary glands play

a role ln P homeostaslE. Clark et aI. (19?3) lnfused 3.389

of KþPO4 lntravenously lnto sheep fed a roughage dlet and

at the serûÊ tlne lntroduced Cr-EDTÀ as an unabgorbable

marker lnto the rumen to glve an eatlmate of endogenous P

secreted tnto the gastrolntestlnal tract. They obgerveô a

snall lncrease ln urlnary P excretlon cornpared slth a large

lncreage ln fecal P, 12h af,ter the lnfuslon. Thls suggested

that the addtttonal P excreteô ln faeces cntercd thc

gastrolntestlnal tract. Schnelder et aI. (1982) measured P

abaorgtlon ln nature sheep fed a roughage dlet uslng tracer

technlques anô a four cornpartrnental modelllng technlque.

Cr-EDTA vas lntroduced lnto the abonasun to meaaure

endogenous P secretlon. The lntravenous lnfuslon of 1.5-
-.12.09 day - of !faH2PO4 resulted ln a rnarked lnerease ln the

excretlon of P ln facceg. they suggested that the observed

lncrease In total enðogenous secretlon of P resulteô ln

the aðdltlonal P belng excreted ln faeces.

Tornag and Soners (197{) reporteô lncreaged urlne levcls

and lower fecal P levels followlng parotld gland llgatlon
whlch seemed to suggest that the gallvary glanda are

lnvolved ln detcrmlnatlon of fecal P excretlon. Tomag

(19?{} fed sheep flncly ground dtets and reported a htgher

level of P ln the urlne com¡rared to thoge fed a coarsely
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ground ôlet. Thug the physlcar naÈure of the dlet ts
lmportant, slnce frnely ground, pelreted ol hlghty
dlgestlbre dtctg reduce sallvary floy rate of p (putnam et
al- 1966 and lllson and Trtrbe 1963r. Recentry, gcott and

Buchan (1987) reported decreased aartvary froy rate ln
aheep fed 1 kg d"y -1 of a pelreted grars dlet in
conperlgon ulth e coarsely ground hay. Thege dlfferences ln
flov rate accounted for the higher urlnary excretlon of p

wlth the grasa dlet,
llatsul et al. (1981) reeently reported lncreased

sallvary secretlon of P ln thyroldectontzed sheca lnfuged

vlth carcltontn at e physlologlcal doae rate. .Llthough,

parathyrold hornone and L, 25 dlhydroxyvltanln D, have been

shoun to lncrease P absorgtlon ln the gut (Brarthmrte

19?8, 1980) thc exact mechanlen by whlch thls rg ¡nedtated

rernalns uncleatr.

Coppock et al. (L972) anô preston and pfanðer (1964)

found plarna lnorganlc P rras dtrectly correrated ylth p

level ln the dlet. Lou blood lnorganlc p levelg nay Lead to
dlgturbancos ln lntracellular netaborrgn vhrch nay

conscquently cffect a reductlon ln food lntake (!ßrton and

lernouth 1985).

ilethods of Detcrmlnlng phosghorug Àvallabl1lty
varloug methods have been reported for determlnlng the

avallablllty of dletary mlnerals. Radlotsotoges dllutlon
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tcchnlquec Alve the relatlve absorptlon of mlnerals from

the total dlgestlve tract. Lofgreen (1960) used an lsotope

dllutlon technlque vhlch lnvolved a subcutaneoue lnJectlon
?)of Pi- given to ¡mture wetherg at a constant feed lntake of

about 8009 n day -1 ulth blood anô feaces betng collectcd

after a lag tlne of aeven days so that the decllne ln
radloactlvlty vould be llnear throughout the collectlon
perlod. the speclflc actlvlty of blood saa aaslgned a value

of 100 so that the more closely thc fecal radloactlvlty
approached that of blood, the greater was the proportlon of

dletary P abaorbed. Wlth thlg rcthod no ôlf fcrcnces yete

observed ln the percentage of P absorbed fron dlcalclum

phoaghate or bonercal. Chlcco et al. (1965) algo mcaaured

absorptlon ln lanbs fed a constant dally lntake of ?009

ualng a s1ngle oral ðose of P32 wlth urlne and facceg betng

collected dally and blood perlodlcally. The absorptlon and

retentlon of P ranled calclum ortho-, sodlun meta-, sodlun

pyro-r calclum neta-, and calclun pyro¡lhosphatee

reapectlvely. No dlfferencea tn deposltlon of P lnto bonc

anö soft tlssue vcre obgerved. the lou retentlon of P from

calclum pyrophosphate yas also reported by Annerman et al.
(195?) ln a study vlth la¡nbs. lltt anô Oyeng (1983)

suggeated that In vltro P solublltty ln abomasal fluld nay

be nore lndlcatlve as a meaaure of P avallablllty than

solublllty ln ê rumlnal buffer, slnce solubllltlcs ln

abomasal flutd eere hlgher than ln runlnal fluld.
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Growth trlalg utlllze a basal dlet contalnlng a low

level of P supplenented ulth graded levels of the P aoutce

belng tested. Hodgaon et aI. (1918) uttllzed a gronth trlal
uith fattening steers uhere a control basal dtet contalnlng

0.12f P was supplemented wlth elther gtearcd bone mcal or

defluorlnated snper-phosphate to provlde dletary levels of

up to 0.18t P. They reported no dlfferenccg ln lntake and

galn between the tso P soutceg. Long et el. (1956) ln a

study slth helfers had e degletlon pcrlod before the

anlmals uere asslgned to a basal dlet of 0.09t P

supplemented to 0.1{t P wlth elther dlcalclum phosphate or

sof,t phosphate ylth collo1dal clay. The anlmals fed

dlcalclum phosphate galned slgnlflcantly more uelght and

haô hlgher plasm lnorganlc P levels as yeIl as petcentage

of bone ash. Àlthough, soft phosphate contalned .t

relatlvely htgh percentage of P tt uas not yelI uttllzed.
The authors suggested lt rney have been duc to the hlgh

fluorlde contcnt (65 Bpn). Pope et al. (1958) ln a atuðy

vlth steers aupglemented a basal dlet of 0.2t P wlth

monosodlum ¡lhosphatc at a constant Ca:P ratlo to provlde

Ievels of 0.3 and 0.{t P. No dlffercncec ln lntakc and galn

rere obaerved yhlch led to the suggestlon that a dletary

leve1 of 0.21 P wag adequate for yearllng ateera. A slnllar
recomnendatlon of 0.22l^ P uaa proposed by llge et al.
(1958). llowever, ln a later study the supplemented P level

vaa below the reconrcnded level. 91se et al. (1961) ln a



I
slx-ueeh study wlth Holsteln calvea, ln yhlch a baaal ôlet
of 0.11t P wag aupplenented to 0.19t P by the addltlon of,

elther dlcalclun phosphate, def,luorlnated phosphate,

Curacao Island phosphate or soft phos¡lhate ulth colloldal
clay, reported no slgnlflcant dlffercnces In uelght galn,

lntake, fced pcr kg galn, rlb agh or rlb P content.

Howeveri ln a subaequent study, when thc basal ðlet yas

0.085t P and the experlnental perloð raa extended to 1l

weeks, calves supplenented wlth dlcalclun phosphate,

defluorlnated phorphate or Curacao Island phosphate galned

slgnlflcantly more welght than those fcd sof,t phoaphate.

Feed consurnptlon, ach and ash P content of the nlnth r1b

followcd a glmllar gattern. Although, the longer

experlnental pertod appeared to allos slgnlflcant treatment

dlfferences to be manlfeeted, only nales sere used ln the

f lrst experlnent and females ln thc seconð experlænt, so

lt ls posalble that aex dlfferences lney also have

contrlbuted to the dlfferences ln regults. Throughout the

llterature, 1t thcrcfor€ appeara that no dlff,erences exlst

ln avallabtllty of P from bonc neal, defluorlnated

ghosphate or dlcalclum phosphate.

Bal.ance data ere baseô on total P lntake lecg faecal

plua urlnary P excreted so that ln. a balance trlal an

overall estlnåte of net retentlon ls glven. Ànmernan et

al. (1957) uslng the balance technlque found no Blgnlflcant
dlfferenceg ln P retentlon from dlcalclum phosphate and



9

defluorlnated phoaghate for yearltng ateers aupgleæntcd at

a dally lntake P of about 8g ulth a Ca:P ratlo of 1.5:1.

Slnllarly, Àrrlngton et aI . (L9621, ln a study rlth dalry
calves partially ôepleted of P by feedlng a 0.05t P baeal

dlct, obgerved that supplementatlon vlth en lnorganlc

phosphate to provlde 0.16t dletary P revealed no

slgnlflcant dlfferences ln agparent dlgestlblllty of P from

dlcalclum phosphate and defluorlnated phosphate.

Bone breaklng strength as a response crlterla hag been

utlllzed by nutrltlonlstg to evaluate the bloavallablllty
of dletary mlnerals. The naJorlty of gtudles on the

lnfluence of dletary calclum and P on bone strength have

been conducted vlth sulne due to the hlgh lnclðence of leg

weaknesses, partlcularly among breedlng atock. The

technology has been uged to a llnlted extent slth calves.

One of the most comonly used test of the nechanlcal

propertles of boncs lg the flexure (benðlng) tegt (Crenshau

et al. 1981a and Slnl¡ln and Robln 1973). Thc lack of

standardlzed tegt procedurea hosever has resulted ln a

great deal of varlatlon ln reporteô values for bone

strength (Crenshau et aI. 1981).

Lott et al. (19801 reported no slgnlflcant dlfferences

ln bone breaklng strength of freeh or frozen tlbla bones

from 4 ueek old broller chlcke. Sedlln (1965) algo

reported that freezlng dld not alter the mechanlcal

properties of bone. Sedlln and Hlrech (1966) houever,
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obaerveð that l0-nlnute exposure of bones to alr resulted

ln lncreaseô bone strength. 9lmllarly, Hlller et al. (1965)

alco reported lncreased bone strength of 5 to 6 weck old

plg femur drled at 25oc for 2{ hours. Horever, wet þoneg

are usually preferablc glnce they nore accurately reflect
the state ln uhlch fhe bones exlgt ln the anlmal.

Baylcy et al. (19?5) and Llbal et aL. (1969) uslng corn

soybean neal based dlets supplernenteð up to 0.6t P vlth a

constant calclun level, observed no algnlflcant lncreage ln
the force requlred to break the fenur and rnetatarsal bones

of groulng flnlshlng sulne. 9lmlLarly, Grandhl et aI.
(1986) obscrvcd no algnlflcant lncreace ln breaklng force,

bcndlng nonent, ultlnatc gtresg and elastlc modulug of

femur and nctacarpal bones of gllts fed 150t of NRC Ca-P

levelc durlng the flnlghlng pcrlod; aLthough, percent bone

ash and calclun uere lncreased vhlch suggesteô that hlgher

mlnerallzatlon had occured. Nlmmo et eI. (1981) howevcr¡

obcervcd a slEnltlcant lncrease ln the breaklng force of

bone f,ron gllts ted ¡lmllar Ca-P lcvelg throughout the

entlre groulng flnlshlng pcrlod. It appeared therefore

that lcvcl¡ of dletary Ca-P fed from weantng through to the

flnlshlng phaae allowed for' stgnlflcant treatrnent

dlfferences. No slgnlflcant dlfferences ln ultlnate stress

or elastlc modulus rere reported. Crenghas et al. (1981 bl

conducted a trlal ulth boarg, gllts and barrowg fed dlets

contalnlng elther 0.{t or 0.Et Ca and P. l{echanlcal tests
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uere conducted on femur, hunerua, netacarpal, netatarsal
and third rlb bones. ïl¡en data uas pooleô across bone and

aexi slgnlflcantly hlgher bendlng moment, ultlnate streas,

modulus of elastlclty and percent bone ash yere observed

for the hlgher P level. The hlgher modulug of elastlclty
tndlcateð that the bone yas more rlgld and lncreased

nlnerallzatlon had occurred es conflr¡¡ad Þy the htghcr

percentage of bonc ash. Brennan and Àhernc (19861 also

reported slgnlflcantly hlgher netacarpal bendlng momenÈ,

and gercent bone ash of the femur of boa¡g and gllts f,ed

NÀS-NRC (19?9) or ÀRC (1981) recommenôed Cä-P levelg

deslgnated lor anô moderate reepectlvely. Feedlng 30t nore

of the noderate dlet slgnlflcantly lncreased bonc ash but

not bendlng moænt.

Johngon and l{cClure (1967) uged weanllng gteers

¡lrevloualy dcpleteð of P after uhlch elther anmonlum

polyphosphatc or dlcalclun phosphate uere fed at a rate of
-1 -1l5.lg anlnal - day *for a 12 ueeh perlod. No algnlf,lcant

dlfferenceg ln feed lntake, galn or feed per kg galn uere

observed betrcen supplemcnts. Although, the form of, P ln

annonlum polyghosphate wag mentloned aa belng the non-ortho

f,orm, no conflrn¡tlon uae maôe as to whether lt sas æta or

pyro forna of phosphorua. Houcver, stuðles ulth calclum and

sodtum netaphoaphates have demongtrated that these forns
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are well-utlllzcd by .ru¡nlnants (Chlcco et aI. 1965) .

Calclum pyrophosBhates on the other hand are poorly

ut11 Lzed, posslbly due to low golublllty and absorptlon

(Àn¡¡ernan et aI. 195? I . llore recently, Teh et al. ( 19S2 )

depleted dalry calvcg for tvo ueeks rlth a 0.16T P dlet and

then supplenented the ðlet wlth O.ztt ot 0.31t P by the

addltlon of elther dlcalclun phosphatc or urea anmonlum

polyphosphate. Even though lncreaslng dletary P fron O.24

to 0.31t elgnlflcantly lncreased feeô lntakcr uêlght gaIn,

plaena lnorganlc Pr breaklng strength of femur and rlb
bones and the ash content of the tenth rlb, no algnlflcant
ðlfferences between dlcalclum phoaphate or utea ammonlum

golyphosphate were observed. Thus urea annonlum

polyphosphate could be utlllzed effectlvely In runlnant

dlets as a P source a! yeII as a non-proteln nltrogen

supplenent.

9ebb et al. (19?5) carrled out a grouth trlal slth
ueanllng ateer calvcc fed about 0.1t P ylth or ulthout an

lnltlal ðepletlon perlod. The ôlets uere supplenented to

about 0.2t wlth elther defluorlnateð phoaphate or a

chemlcal nlxture of 87t nonophosphate and 13t dlcalclum

phosphate. Àverage dally galn, feed lntakc and serum

lnorganlc phos¡rhorua levelg uere algnlflcantly loyer for
anlmals not eupplcnented vlth P. No slgnlflcant dlff,crencec

ln welght galn, feed lntake or feed per kg galn uere

obgerved between the tuo sourceg of phosphorua, suggestlng
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that both yere equally avallable for thc rumlnant. l,anger

et al. (1985) also observed no algnlflcant ôlfferenccs ln
average dally galn and feed lntake of dalry calves

supplenented ulth monoamnonlun ghosphate ot dicalclun
phosphate. Uhen no supplement was added, fced lntake and

average dally gafnc uete slgnlflcantly losar. In a mote

recent study, l{lller et aI. (f987) rcported no dlfference
ln velght galn, feed lntake, feed efflclency, Berum

lnorganlc P or bone agh of Holsteln calves supplemented

utth defluorlnated phosphate ot dlcalclum phosphate for
dlets contalnlng 0.1,1 , 0.20 and 0.32t P. Houever, the

rescarchers ðlð auggest that the P requlreænt of young

groulng dalry calves nay need to be revlecd baged on the

fact that grosth rate, feed consunptlon, blood lnorganlc P

Ievels and bone agh tended to lncrease llnearly ylth

lncreaslng dletary P. Teh et al. (1982) also questloned the

adequacy of the 0.26t P Lcvcl for grovlng helfers and bulls
aet by NRC (19?8). Thls vas based on the observatlon that
calves fed 0.31t P galned en average of 0.84 kg day-l as

opposed to 0.62 kg day-l utth 0.21t P. Bone aeh content

vaE also slgnlf lcantly hlgher wlth the 0.31t P rhlch see¡æd

to suggegt that thtg clags of anlnale nay have a hlgher P

requlrement.

lllller et al. (198?) used a control ôlet (0.08t P)

supplenented to provlôe 0.11, 0.2 anð 0.32t P whlle Teh et

al. (1982) aupplemented a 0.16t P basal dlet to provlde
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0 ,24 and 0.31t P. Both obs.erved lncreaged fecd lntake,

galn, blood lnorganlc Pr. bone agh and breaklng force of the

elghth and nlnth rlbg. Langer ct al. (1985) also observed

that lncreaslng the P level from 0.24 to 0.31t

clgnlflcantly lncreaEed fecd lntake, everagê dally galn,

and plasma lnorganlc P levels. tlorcver, at a dletary P

level of 0.36t Intake and everage dally galn were not

slgnlftcantly dlfferent from the control. Jackgon et al.
(1988) ln a study wlth Holeteln calvea, lncreaged ôletary P

from 0.26 to 0.3{t a1d observed lncreased feed lntake,

everege dally galn, bendlng moment, percentage aah and ach

content (P<0.05). Plasna lnorganlc P level lncreased

elgntflcantly as dletary P level was lncreaEcd from 0.26 to

0.{1t. llee et al. (1958) conducted a stuðy ulth dalry

caLvcs depleted of P by a basal dlet of 0.09t P vhlch was

then supplenented to provlde 0.12, 0.18 and 0.30t P.

Increaged feed lntakc, galn, pereentage of ash ln the rlb
and lrnproved feed efflclency uere observed. Baged on these

results, a second trlal sea lnltlated uhere the ôletary P

level uas lncreaced to 0.1â, 0.22, O.30 and 0.38t.

Increased feed lntaker u€lght galn, ash ln rlb and lnproved

feed pcr kg galn rere observed up to a dletary P level of

0.30t. Thege flndtngr are eonslstent wtth the study by

Langer et al. (1985) and also polnt to the fact that the

mlnlnum P requlrenent for dalry calves needa to be revlged.

The NRC (19?8) P requlrenent for groulng ôalry helfers and
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bullg ras 0.26t P and has nos becn revlseô to 0.31T P

G|RC, 1988 ) .

Runen Phytase Àctlvltv
Stuðles by Raun et al. (1956) ualng an artlflclal Eumen

technlque, uhereby a washed susgenelon of rumen

mlcroorganlsms lnltlalIy ôepleted of P sas lncubated at

39 
oc for 2l-72 h wtth L-32 ng of calclum phytate per 20 ml

of medlum, uere able to ghow that ruæn nlcroorganlcna

poasess the enzyne phytase anð thus have the ablllty to

degrade phytate. The amount of lnorganlc P released from

calclum ghytate lnereased from 0.27 ng per 20 nl of medlum

to 1.58 mg per 20 nl. of nedlum vlth the hlgher levels of

calclum phytate. The Increase ln lnorganlc P after
lncubatlon repreeented phytate P hydrolysed by the phytase

produced by the nlcroorganlsms. The enz¡mc phyÈase however

hag also been rcported to be present ln canola seeds (Ktn

and Eckln 1987). The enzlme has been reported In soybcens,

uheat, corn gceds and fababeans (Chang 196?, Latta et al.
1980, Sartlrana et al. 196? and tltngh et äI. 19?9). The

hydrolyala of ph¡Êate ls catalyzed by thc enzlzne Phytase

(myolnosltol hexaphosphatc phosphoh¡drolaae E.C. 3.1 3.8)

to lnocltol and free lnorganlc phosphete. Eskln and 9lebe

(1983) reporteô an average reductlon ln percent phytate

contcnt of ?5t ulth lncreased sheat phytase actlvlty
rncasured ac P g PL/ryt enzlzme / 30 mlnuteg.

/
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Canola Ìleal ln Runlnant Dletg

Clark and Bezeau, clted ln fÌrltlng (1965) reported that
thc lncluslon of 6t rapeseed meal (Rst{} ln ¡rlace of rlnseeô

neal ln the dlet of young Holsteln calvcs had no effect on

f,eed rntake or grorth rate. rngalls and seale (19?11

substltuted RSll for soybean meal (gBl,l) at levere of 6.E and

13.?t ln barley-baccd calf dlets offered free chorce. No

slgnlfleant drfferenceg ln feed lntake, uelght galn or feeð

ef,flclency uere reporteð. The lncluslon of etther llt sBH

or 20t Rsl,l ln ôlets fed to Holsteln calveg from I to 22

reeks of agc regulted ln no atgntflcant dlfferences ln fecd

lntaker rêlght galn or feed efflclency (sharna and Ingalle
1973). 9take et al. (L972) ln a study wlth Horsteln calvcs

trom blrth to I ueekg of âgêr fed rsonltrogenoua calf
starter dlete contalnlng RSI{, s8}l or sunf lower neal. ulìen

RSH nade uB 26t of the ðlet, dry natter consunptlon was

slgnlf lcantly loyer than for SBl,f ot sunflorcr reaI. lfo

slgnlflcant dlfferences ln average dally galn ot feed

efflclency vêrc obscrvcd fron blrth to l{ wcckg. rngarrs

and lalôcrn (L972) reported that a ðlet contalnlng 30t Rgl,t

reduced wetght galn whcn conpared to 20t RSt{ ln thc dlct.
ll¡en a dlet containlng 2{t RgH vas offered free cholce to
Holsteln calves from blrth to LZ wcekc of ägêr

slgnlflcantly loser f,ccd lntake, welght gain and feed

efflclcncy were obeerved than, for calves fed a sBt{ dlct
(Schlngoethe et aI. 197{). ll¡en a loy glucoslnolate
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cultlvar (c.v. Bronowshl) uaa fed at a dlctary level of 20t

no algnlflcant dlfferenceg ln relght galn ot feed

efflclency for SBM and the lou glucoelnolate RSll were

observed.

The llmlted use of RSI{ ln calf dlets has been prtnarlly
due to unpalatablllty and goltrogena present ln the seed.

the reðuctlon ln the glucoslnolate level ln the seed

through breedlng hag resulted ln hlgher dletary level
lncorporatlon of canola neal. (CH) ln calf dletg.

In a study by Burton (1983) calvea uGre fed nlLk

replacer ln yhlch 15t of the ¡¡llk proteln was reglaced slth
canola or soybean proteln. Calves fed canola proteln had

slgnlflcantly hlgher average dally galn and lnproved feed

efflclency, although thls rasntt slgnlf,lcant. tharna et aI.
(1980) conducted a dlgeatlblllty study ulth 18-20 ueek old

bull calves In whtch 50t of e corn-oat baged baaal dlet yac

nlxed wlth an equal amount of 9BH or canola meal. The dtets
were offered free cholce and they observed slgnlflcantly
hlgher apparent dry natter and crude proteln dlgestlblllty
vlth the SBM than wlth the canola meal. Thls nay havc becn

öue to thc rapeeeed hu1ls that are less dlgestlble than SBll

hulls (Kendall 1988, Rae and Smlthard 1985). Claypool et

aI. (1985) compared CM wlth 9Bìl and cottongeeô æaI (CSll)

ln barley-corn based calf starter dletE offered free chotce

durlng a preueanlng perlod and fed at 2.27 kg per head

datly at the post-weanlng perlod. They reported no
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slgnlflcant dlfferences ln average dally galn, starter or

nllk consumptlon or packed blood cell voluæs, In a study

wlth darry carves Tover cH waa gartlarly or congletery
substltuted for 9Bl{ at dletary revers of 8.3 and 1?.zl
respectlvery ln lsonltrogenous carf starter dlets offered
free cholce to 12 weekg of age (ltreeler et al. 19g0). No

slgnlflcant dlfferenceg rn feed lntake or average datly
galn among dlets vere reported. Slmllarryr cu has been used

succesgfully ln beef steer dtets (Bush et aI. l9?B).

l{llk productlon and nllk conposltlon of cour ln early
ractatlon fed clt at levels up to 25t tn the dtet were not

rlgnlflcantly dlfferent from thoge fed sBlt (Brocknan et al.
1983, Laarveld and Chrtstensen 1976, Laarveld et aI. 1981,

Pagas et aI. 1978, Sanchez anð Claypool 1983 and Shazm et
aI. 19?7). À trenð towards hlgher mtLk productlon ln coys

fed Cìl has been reported (Laarvelð and Chrlgtensen Lg?6,

Papas et aI. 19?8 and 9anchez anô Claypool 19831. However,

Flsher and lalsh (19?5) reported a decllne ln nllk
productlon when Cl{ yas lncorporated lnto the dlet at a

level more than 11t. thla rnay have been due to the hlgh

level of oll ln the sample of neal used.

Proteln deoradatlon ln the rumen and .the Hobtle Nylon Baq

lechnloue

lfylon bags

tlme (Balley
lncubated ln the runen

and Hlronaka 1970,

for varylng lengths of

Barrlo et aI. 1986,
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Crayford et al. L978, ìlathcra et al. L9?7, l{ehrcz and

Orskov L977, lloharæd and 9nlth L9?-7 and Orgkov and

l{cDonald 19?9 } have been uaed to glve rapld estlnatee of

proteln degradatlon ln the ruren. Nocek (1985) feedlng a

50:50 rhoughager concentrate total nlxed dlet reported that
dry natter dlsappealance from SBtl ualng polyester bags

compared well ulth ln vlvo estlmates when pore slzes of l0

- 120 ¡t m rere used.

Ueakley et al. (1983) reported loyer dry natter

dlaapgearance fron dacron baga slth a pore slze of 5.¡ t
conpared wlth that from 52 ¡ n bags. Deacon et al. (1988)

fed cannulated coug e total nlxed dtet of e 50:50

rhoughage: concentrate ratlo uslng nylon baga havlng a pore

slze of, 18 ¡ n they reported no dlffercnce ln ôry matter

dlaappearence for untreated Cl{ and extruded Cl,l. Nocek

(1988) recently reconmended that bag poroslty of {0 60/t
uas adequate ln nlnlmlslng lnflux lnto and efflux f,rom the

baga. The flnencsg of grlnd of the feed samgles wllt also

aff,ect dlsappcarancê of soluble dry natter. Nocek (1985)

reported no eff,ect on dry matter dlgestton congtantg for
aamples ground to ¡nrs through a 1, 2 and Snn Ecreen. Às

samgles velght: gurface area ratlo lncreaseô (2.5, L2.6,

25.3 and 3?.9 mg/cm2 ) the dlsagpearance of, dry natter

decreased f,or SBl,l.

Sauer et al. (1983) developed a modlfled nylon bag

technlque for plgs rhereby samples after pre-dlgectlon ulÈh
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pepsln-HC1 uere then lnserted lnto the snåIl lntestlne vla

a duodenal cannula. Klrkpatrlck and Kennelly (1984)

attenpted to nodlfy the technlque for use by runlnants by

placlng nylon bags prevlously lncubated ln the runen f,or 15

hours, ln pepsln-HCL for 3 h and then lnsertlng them tnto

the snall tnteatlne vla duodenal cannulae. they obtalned

nean crudc proteln dlgestlblllty of 58.9t wlth the modtfled

nylon bag as com¡rared to 7{.5t vlth the conventlonaL fecal

collectlon studlea, for dlets varylng ln crude proteln

levels fron 16t to 19t. llean dry matter ðlgest1blllty was

50.3 for the nylon bag technlque and 66t for the

conventlonal æthod. Kendall (1988) reported dry natter and

¡rroteln dlgestlblllty of 38.1 and 68t reapectlvely at 16 h

of rumen fermentatlon for canola neal. For SBH dry natter

and proteln dlgcatlblllty was ?7.3 and 88.{t respectlvely.

Although, there nay be llnttatlons, use of the ¡¡oblle nylon

bag technlque to study nutrlcnt dlcappearance ln the lower

GI tract appears promlalng.
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llatcrtalc anô Hcthodc

Grovth lrlal

Forty-tvo llolsteln bull calves were placed ln lndlvldual
pena bedded wlth ohavlnga and we¡e fed shole nllk for 4

ueeks. The calves uere fcd 2 kg of ¡¡llk twlce per day

through ,l yeeks of age and then 2 kg of nllk once per day

supplernented wlth a general calf starter dlet (Table 1) fed

free cholce untll 5 veeks of age..At flve wccks of age all

calves recelved a 50:50 mlxture of general calf starter and

expêrlmental dletg asslgncd at random and fed a¡l lJÞlLt¡n.

À11 calvee recelved 1 ml of an lntramugcular lnjectlon of

Poten À.D.8. I (contalnlng Vttamln À, 50010OO f .U. i Vltanln

D,r 751000 I.U.; Vltanln B 50 I.U. ln 100 nl) at I weekg.
J-

the Beven dlctary treatnente (Table 2l startlng at 6 veckg

of age conslcted of the baeal dlet (0.25t P) as the control

anð the control dlet supglenented wlth phoaphorua (by

replaclng corn gtarch) from canola æaI or lnorganlc

phoaphorus to provlde levels of 0.32, 0.36 and 0.|0t P.

Addltlonal fat uas aððed to the canola neal dtets to result
ln laocalorlc ôlcts. Thc calveg uere lndlvldually fed thelr
reapectlve dlete ill llbltun ln pellet form for 10 ueeks

vtth the amount of feed offered belng rccorded dally and

uclgh backs taken on day 7 of each week. later was

avallable frec cholce. the calvcs rere welghed at the atart

of the experlncnt and then every 2 weeks thereafter. Slx

1¿ Rogar,/9TB Inc. London, Ontarlo N6A {C6.



TABLE L. Ingredient composit,ion of pre-trial calf starter diet.

Ingredients

Hay, ground

Barley, rolIed coarse

Oats, rolled coarse

Cano1a meal

Molasses

Tallow

giophosl zLZ P L6.5eo ca

Urea 45% N

Mineral mix2

vitamin mix3

1 Approximately 2/3 monocalcium phosphate and L/3 dicalcj-um
phosphate. Pitman-Moore 42L East Hawley St., Mundelein, Illinoj-s
60060.

2 contributed the following per kg of diet: Cu, 8.8 mg; Sê, 0-L7
mg; Zrr, 32 mgi Mn, 27.2 mgt Mg, 432 mg¡ K, 984 mg; Na, 984 mg.

3 Vitamin mix contributed the following per kg of diet: Vitamin
A, 7000 I.U.; Vitamin D3 I.U.; Vitamio E, L20 I.U.

22

Composition
(Z as fed)

16.0

49.0

15

9

3

3

1_

0

0

I
7

0

0

5

8

8

0.4

m.-0



TÀBLE 2. Ingredient composiLion E of experimental diets fed to calves from six weeks to 16 weeks of age.

Àlfalfa dehydrated pellets l7t cP

Beet pulp

Brevrers dried grain 28t CP

Corn Sbarch

Corn (ground)

Fat (taIlow)

Molasses cane dried

Soybean meal 49C CP

Urea 45t N

CaCO3 timestone.3St Ca

Biophos 25t P 16.5t Ca

Cano1a rneal

Trace mine ral sal t.I

0.25* P

Cont rol

6.0

23 .0

8.0

30.6

15.7

3.0

IÌ .7

0 .44

0.82

0.5

roo.o

I Cont,ributed the following per kg of dieE: Cu, 5.5rngi Se, 0.I1mg; Zn, 20mg; Mgr 2.7 X 105 mg lib, I.I4 x 105 mg'

Canola Biophos Canola

Di êtã rv Trêâtments

0.32r P _

6.0

23.0

8.0

26.0

15.7

0.6

3.0

11.7

0 .66

5.0

0.5

roo.o

6.0

23 .0

8.0

30.0

r5.7

3.0

1r .7

0.44

0 .71

0.26

0.5

rõo.o

o?6*Þ

6.0

23.0

8.0

21.0

15.7

0.6

3.0

1t .7

0.67

r0.0

0.5

roo.o

Biophos

6.0

23.0

8.0

30.4

15 .7

3.0

r1.7

0.44

0.60

0.53

0.5

roo.o

CanoIa
o¿o*P

6.0

23.0

8.0

15.0

15 .7

t .71

3.0

11.7

0.57

15.0

0.5

roo.o

Biophos

6.0

23.0

8.0

30.2

t5 .7

3.0

11 .7

0.44

0.47

0.8r

0.5

roo.o

NJ(,
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r€prcsentatlvc aamplea of each dtet wer¿ collected uslng a

graln sanpllng probe, twlce throughout the experlment,

composlted and then ground ln a flley nlll yith a 1.0 nm

nesh acreen before analysls (Table 3).

Blood samples uere taken from the Jugular veln of each

calf at thc start of the experlncnt end evely 2 ueeka

thereafter. 10 mI sanPles were collected and placcd In tvo

5 cc vacutalners (Becton Dlcklnson, U.S.À. ) and put on lce

untll centrtfuged. Àt the end of, the 70-day treatment

perlod, calves were shlpped to a local abbatolr uhere they

uere slaughtered end the elghth and nlnth rlb boncs removed

and placed ln a cooler untll shlPnent back to the

Unlveralty. The bone sampleE wete then c]€aned of adherlng

tigsue anô pleced ln lndlvldual plastlc bags and frozen at

-2Ooc untll further ana1Yals.

lower gastrolntestlnal Èract

lwo rumen cannulated flolstetn steers were fed eô llbltum

a dlct formulated to meet the enGrgy and Proteln

tequltemcnts of hlgh Productng dalry cowa (Table 4) to

provlde 19t crude Proteln and l{t crude flbre. The feed

eamplea conslsted of soybean meal from a proceaaor ln

Àttona, tlanltoÞa as the reference standard and flve

dlfferent commerclal samPles of canola neal (lable 5).



TABLE 3.

Iten

Determined chemical analysis and calculated energy and degradable
;;;t;î; i;vels of experiinentar diets on a drv natter basis'

Dry matter, t

Crude protein, t

Crude fat, t

NDF. I

ADF, I

PhosPhorus' t

CaLcium, t

l'lagnesium' t

Àshr t
Copper' PPn

Zinc' pPm

Ironr PPm

Manganese, PPm

NEn, M cal-,/kg Dt'l

NEg, M callkg PM

Undegradable intake

0.25t P
Control

92.3

14 .3

I.4
22.9

9.5

0.25

0 .61

0 .15

6.5

13.]

49.3

444.8

39.2

I.96

1 .31

5.9

Dietary Treatmenf

0.32t P

canola BioPhos

9r .9

15.8

r.2
21 .8

1t .s

0.32

0.59

0 .20

6.6

l-2.2

46 .6

389 .2

37.1

t.92

1.34

6.6

92.4

14 .r
r.3

2Lrz

II.O
0.32

0.62

0.17

7.1

1r.8

s3.5

39I.I
4t.7

r.9s

1.30

5.7

_ 0-36r P

protein (t)

CanoI a

93.2

l6 .7

2.r

20.8

I1 .I
0.36

0.73

0.22

7.0

r6.0

53.0

384.4

47 .2

1.89

r.29

6.3

B iophos

92.7

L4.7

t .l.

20.9

I0.0

0.36

0.6r.

0.r9
'1 .3

ÌI.0
52.7

538.0

50 .7

1.95

1..31

6.0

_0-4n*, p

Canola Biophos

93.6

17.9

3.2

22.7

t2.7

0.40

0.60

0 .25

7.9

11.3

61.6

349.6

44 .7

1.89

I.3r
6.6

93 .0

15.r

t.3
r9.1

9.6

0.40

0.63

0.r5

6.7

11 .1

42.9

511.0

39.7

r.94

r.30

6.1

NJ(¡
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IngredienÈ composition of the diet for steers used
in the rumen incubat,ion and loser gastrointestinal
tract digestibil ity st,udies of f ive canola meal
sanples and soybean meal.

Ingr edient

Alfalfa haY 36

Brone haY

Cano1a meal 11 -4

Barley 51-7

Urea 0 .25

Biophos 0.32

CaCO3

Trace mineralized 0.35
sal t

Run I (f6h)

Irh. salt-trace mineral premix provided
copper, 6.6 mg; zinc, 24.L manganese,
selenium, 0.5 mg; magnesium, 327 .6 mg;
vitamin D3, 450. IU; vitamio E, 6 IU.

Run 2 (12h)

35.2

20 .8

43 .1

0 .25

0.29

0.38

per kg diet:
20.4 mg;
vitamin A, 5250 IU;



TABLE 5. The commercial sources of canola
in the rumen incubation and lower
tract digestibilitY studies'

A. CSP Foods canola meal (csP-cl't) (38'05t CP' 1'04t P) '

B. NARP Processors canola meal (NARP-C!'!) (Northern
Alberta) (38.84t CPr 1.10t P) '

C. Alberta Food Product's canola meal (ALB-Cl'f) (38'34t CP'

1.12r P) .

D. Canbro roods canola meal (CF-Ct't) (39'8t CP, 1'I2t P)'

E. United oilseeds Products canola meal (UOP-Cl't) (37.66t
cPr I.04t P) .

F. csP Foods soybean meal (sBl{) (45.71t CP, 0.75t P) .

27

meal and SBl.f used
gast r ointestinal



28

Nylon cloth2 slth a mêan pore slze of 50¡rm wae used for
the ln sltu bag preparatlon. the bags yere 3.5 X 5.5 cm ln
slze. Approxlnately 0.5000 t 0.00019 of feeô sample as

recleved fro¡n the procesEor uas lntroduced lnto each bag.

The bags uere mlxed randomly and placed ln the lege of an

old ¡nlr of panty hose uatng marbles as uelghts. About 21cm

of rope (enough llnc Í,or free movement) yas tled to the

panty hoee, plaeed ln the rumen, secured anô the samples

lneubated. Four samplea of each f,eedatuff were lncubated ln
the runcn f,or 12h and 16h. The 12 and 16h lncubatlons took

place on dlfferent days. Four blank bags contalnlng a

l¡norn uelght of nylon croth eere used to correct for efflux
or lnflux lnto the bag. Àfter removal fron the runen, bags

vere sasheð ylth tap water untll the rlnEe flulð was clear.
The bags yete then dralned, oven drled at 6OoC for {Bh,

cooled ln a ôegelcator and yetghed. Tto bags for the rumen

resulte uere ce¡nrated out and P determlned as descrtbed

above. P loss durlng rumen lncubatlon uas calculated by

subtractlng thc corrected gng of P left aftar tncubatlon

from Èhe gns of, P preaent before lncubatlon ln the ruæn.

lotal P loce frol thc runn ! (fccð aarplc mlght X tP)-
[ (ruæn lneubatcd aerple rclght l( ¡Pt - (Elank aanplc

rclght I ¡Pl l. the average value for the gns of P for the

blanks yag 0.0003 gns or 1.6t of the remalnlng P. The bags

2 F"l.o lndustrles, Concord, ontarlo, Canada. L{K 2H3.
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f,rom the 12h rumen Incubatlon ¡¡lere Placed ln 0.01N HClt

pepsin 1g1-1 and lncubated at 39oc for 3h to slmulate

dlgestton ln the abomaeum. The 16h samples d1d not go

through the peBsln-HCl dlgestlon. Tvo bags from each rumen

lncubatlon for each samP1e were lnserteô lnto the small

lntestlne vla a duodenal cannula. Baga tor incubatlon ln

the snä}I tntesttne uere placed on lce (about loC) and

lnserted Into duodenal canulae at the rate of 2 bags h-I
-1anlnal-', and retrleveô ln thc faeces 16-20h later. The

faeces rete gently hosed through a sleve box anð the bags

recovered. The nylon baga uere then drled ulth Papel

tovelg, oven drled at 60oc for {8h, cooled ln a

ðegslcatorr uêtghed and then analyzed for P accordtng to

the procedure of À.O.À.C. (198{) method no. 7 -L23. The

total P losg from the lower tract yas calculated by

gubtractlng the corrected grns of P left ln faeces from the

corrected gns of P lcft af,ter rumcn tncubatlon. The P lost

ðurlng pepsln HCI dlgestlon wag calculated by subtractlng

the corrected gns of P left after PePsln-HCl from the

corrected gme of P left ln the lumen after lncubatlon.

Total P locg frol thc loucr tract =

[ (ruæn eenplc rclght X tP) - (ruæn blank aarplc rctght I

blank tPl I

[(faccal sarplê rclght XtP] -(faecal blank aan¡rlc rclght X

f,accal blank tP) I
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The average value f,or the gms of P f,or the f,aecal blankg

uras 0.0004 grns for 16h runen lncubatlon anô 0.00005 gns for

12h runen lncubatlon follosed by pepsln HCI dlgestlon. The

apparent P dlgestlblllty vas calculated es!

(gæ of, P prcacnt beforc lunn lncubatlon - correctcd gnc

of P lcft ln facccg)

Analvtlcal P¡ocedureg

Feed eanples rete dry ashed ln a rCold ashlng oveni at

550oC for LZ hours. The resultlng ash vas dlluted wtth a

mlxture of Stf Hcl and lt nltrlc acld (v/v) and analyzed ln

the preaence of, 5t tanthanum reagent for Ca, !19, Fe, Zn, Cu

and l{n by spectrophotoætry (aalae spectrophotometer l{odel'

551 Instrunentatlon Laboratory, Inc. ) anô for phosphorus by

colorlnetry (À.o.A.C., 1984 methoð no. 7 .L231 '

The rlb sanplee 1¡ere thayed to room temperature !n

sealed plastlc bags before belng eubjected to the flexure

test uslng an Instron Unlvergal lestlng Hachlne.3 Th"

nechlne uas set up to have an uP veloclty of 600nn mln-I

and a dosr¡ veloclty of 5mm mln-I. The force ln Nevtone was

set ln lou range (0-1000 N) ulth the deflectlon belng read

ln mn. Thc ageclfled delay tlme betveen meagurementa uas I

second. The rlb uas teeted uslng a f,lexure test (Þendlng

(gm of P grcacnt before lunn lncubatlon)

3 ttoô.r BT ttoo Rs2,
N.I.¡ U.S.A.

John Chatlllon & Sons, Neu Yorkt
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test) at e EuPPort dlstance of 100nn (Flgure 1). the force

uaa apglled at the midehaft at a constant speed of Snm

mln-'. À sEeclel chlsel adagtor head constructed by the

Unlversity of Dlanltoba Englneerlng Departnent uaa forced

upon the centle of the rlb. The force required to break the

rlb reslstance lncreased, peaked and then decreaged and vae

autonåttcalIy recolded on a Tandy 1000 comPuter. The

progtam used yag e Blos ROI{ verslon 01.01.00 Copyrlght

198{, 1985 Tanðy Corp. and Phoenlx Compatlblllty Corp. Thc

Tandy Verslon 02.LL.22 Hlcrosoft HS-DOS Verslon 2.11 was

Ioaded by typlng ln B¡¡ler e t¿st/cs 9000 connand. lhe tcst

res stopped uhen the force Pêåked and then starteð to

öecIlne, thug lndlcatlng that the ultlnate breaklng force

had been reached. }leasurements werc nade at the polnt of

loadlng (ntôghaft) to ôeternlne the outslôe rlb dlaneter

and thlckness. Àt the end of the mechanlcal tests, 3cm

ctoss-aectlona ¡rere taken fron the rlb at the polnt of

applled force for ôetcrmlnatlon of bonc ash, celclum and

phoephoruc. The bone samples uete drled !n a forced alr

oven at ?OoÇ for 5 days after whlch they uere broken, then

extracted ln a Soxlet apPalatus wlth anhydrous ethyl ethel

for 5h for renoval of llpld, redrled and ashed !n a cold

ashlng oven at 550oC f,or 12 hours. The aEh was placed ln 25

X 150mn Boroslllcate culture tubes and 20nI of a mixture of

5N HCI In lt HN%- N/v) were aðded. The EamPles uere

alloved to degas for flve mlnuteE after whlch they uere



Flgure 1: the Instron Unlvergal Tcstlng machlne slth a
lepresentattve rlb sample ln testlng Posltlon.

32





33

capped tlghtly. The tubes verc then placeô In an ultrasonlc

vater bath at 65oC for 60 mlnutes. After coollng the tubes

were mlxed by lnverglon four tlmes and alloued to gtand

overnlght. Calclum was deternlned by atomlc absorptlon

spectrophotometry on an aa./ae Spectrophotometcr l{odel 551

Ingtrumentatlon Laboratory Inc. by the procedure of

Thompson and B1anchfl.ouetr (19?1). Phosphorus determlnatlon

uas by colorlmetry ulth a Bausch and Lanb Spectronlc 20

(Flaher Sclentlflc Ltd. ) as descrlbed by the Àssoclatlon of

Offlclal Ànalytlcal Chemlgts (AOAC) (1984 nethod no.

7.L23r.

Blood sanples yere centrlfuged at 2000 !.p.tr. for 20

nlnuteg ln an Adamg Dynac centrlfuge (TH CIay - Àdams,

Inc. ). The plasma layer wag vlthôrawn uslng a glpette and

stored frozen ( -ZOoC) tn 5mI boroslllcate glasa vlals
untll ready for anal.ysls. AII the glassware that vas used

for analysls ras uaahed and rlnsed three tlmes ln dlstllled
delonlzed uater. It uag then Eoaked overnlght ln 10t HNO3

(v/v) rlnseð slx tlmes vlth dlstllled water and oven drled

at 6ooc.

Àfter uet dlgestlon uslng a mlxture of { parts nltrlc
aclð and I part perchlorlc acld (Thonpeon and Blanchflowert

1971) blood samplea uere dlluted rlth 5t HCI and analyzed

for calclum by atonlc abeorptlon spectroghotonetry and for
ghosphorus as descrlbed above.
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Feed Ànalysls

The crude proteln content of feed samples rae deter¡¡lned

accordlng to the nethod nurnber 7.015 of the Àssoclatlon of

Offlclal Ànalytlcal Chemlgts (À.O.À'.C., 198{ ) . Neutral

detergent flber of the feeô samplea uas deternlned

accordlng to the procedure of Goerlng anö Van goeet (19?0).

AcId detergent flbre of feed aamgles vaa determlned

accordlng to A.O.A.C., (1984) nethod no. 7 .074. ,Crude fat
content of the feed samples sas determtned by uelghlng 2 gn

of prevloualy drled sanple lnto a Goldflech extractlon

apparatus (À.O.4.C. 1984, method

vere extracted ulth anhydrous

9ox1et apparatus. The percentage

yae calculateð as:

dry uelght of ranple

The equlpnent uged for the f,eed analyeis uere from Labcaneo
4corporatlon. -

Statlstlcal Analysl's

Statlstlcal analysle of the

plot deslgn shere repeated

Sclght of fat ln bcakcr

no. 7.060). The llplds
ethyl ether for {h ln a

fat on ôry matter baslE

anlmals ln tvo perlods of growth. The experlnental

treatnents used tvo sourcee of P, each at three diff,erent

concentratlong ln calf dlets and a control dlet (7

4 L.b"onco Corporatlon, 811 Prospect, Kaneas Clty, l{o.
u.s.À. 5{132

data vas based on a spl.lt
observatlons were nrade of
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treatnents ln total). The general Itnear models procedure

of the Statletlcal Ànalysls System Inc. (1982) vas used.

The gtatlstlcal model uged for analyzlng the effect of

dletary P on performence and bone characterlstlcs uäE!

yijfr= ), *Îi +Àj(Ti)+k+(ÎIr)i¡+ Qrio,
Y = dependent varlable

F = overall mean

Ti = effect of the lth dletary treatrnent

å,.r (T; ) = ef fect of the Jth anlnal wlthln lth treatnent
JL+h

rk = effect of the K"' perlod (Perlod 1 = seek 0 to 4,

perlod2=seek{to10)
(TWli¡ - The lnteractlon of the lth treatnent ulthln the Kth

gerlod

e rrrr = error term

Type III sum of Equares rlth anlnal. wlthln treatnent as

the error tern was used to teEt for slgntflcant treatnent

effects.
The ln sltu data wes analyzeô es a comgletel.y

randomlzcð deslgn uslng one way analysls of varlance.

Duncans nultlple renge test (p < 0.05) (Snedecor and

Cochran, 1980) sag used to determlne slgnlflcant

dlff,erences among naln treatment effects.
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Rccultc anð Dl¡cucclon

Grovth trlal
Dry rnatter feed lntake ovet both grorrth periods sas not

slgnlflcantly (p > 0.05) lncreased shen dlets sere

supplemented wlth dletary P (Table 6 ¡ ?lg. 2, 3t 4¡

appendlx Table 1). Thls Is ln agreement ulth the resulte of,

llse et aI. (1958) who observed no Elgnlflcant dlfferences

ln feed lntake of calves fed O.22r 0.3 or 0.38t P. Jackson

et al. (1988) however, reported slgnlflcant lncreases ln

feed lntake when dletary P was lncreased from 0.21t to

0.34t. A level of 0.{lt resulted ln no slgnlflcant

lmgrovement. Slnllarly, Teh et aI. (1982) and Langer et aI.
(19S5) observed slgnlflcantly hlgher feed consunptlon rhen

dletary P ras lncreased from 0.24t to 0.30t. lhen dletary P

uea suppl led to 0 . 36t no f urther lnproverent occured

(Langer et aI. 1985). Even though In the present study,

feeô consumgtlon rlea not slgnlflcantly lncreaeed there vas

Êr trenô (p = 0.1) tosards hlgher consumptlon by calves fed

the CH suppleroented dlets as the P level uas lncreaseô

from 0.32 to 0.36t (Table 6, Flg. 3r,ll. Flgures 2.3 anô {

represent feed consurn¡ltlon for calves supplemented ulth

¡rhosphorus f ron Ct{ or Blophoe. It appeared that calves

eupplenented wlth Ct{ consumed more than those on the

control or Blophoa treatments. Àt ten weeks there appeared

to be hlgher DM lntake of CH supplemented ðlets over the

control wlth an lntermedlate level for the Blophos



TABLE 6. Effect of dietary P level on performance of male HolsteÍn calves.l

Parameter

Dry matter intake (S)

0-5 weeks

5-10 weeks

0-10 weeks

l{eight gain (kg)

0-4 weeks

4-10 weeks-

0-l-0 weeks

Feed: gain

0-4 weeks

0-10 weeks

55.5

77 .7

t33.2

(2.s)3

(2.9)

1 Least sguares means.

2 standard error of the mean with
3 Nu*b.rs in parenthesis indicate

0,32* P '0.36t P 0.40t Pffiffiffi
Dietary Treatment

54.1

79.2

133.3

L7.8 (2.2)

26.4 (2.21

44.2

58. I 56.8

81.6 90. 5

t40.4 L47 .3

L8.2

29.7

47 .9

2.87 (0.27l,

3.52 (0.27l/

20.7

28,2

48.9

47 .5

8L .4

L28.9

six animals per treatment

the standard error for the

2.6L

3.22

19.0

31 .7

50.7

60. 3

91.3

151. 6

2.40

3.37

L5.7

27.8

43.5

51.0

77 .4

1,28.4

t s.E.2

2.68

3.27

22.1

31.5

53.6

except for the control, which had five animals.

control.

2.6

2.6

2.78

3.40

1.4. 5

27.5

4r.0

2.37

3.37

2.0

2.0

3.19

3.52

0.25

o.25

(,{
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{l
supplenented dlets (F19. 3 t 41. The dally dry natter

lntakes over the 4-10 week perlod (Table 7l uere 83 to 91t

of that suggesteð for large breed calvee averaglng 95 kg

vlth the rate of galn obtalned ln thls experlment (NÀS-

NRC 1988). There uere no Elgnlflcant (p > 0.05) dlfferences

ln weight galn ôue to treatment (Table 6¡ Flg. 5, 6, 7l t

although, there tended to be an lncrease ln gatn wlth

lncreaslng dletary P level anong the CH sugplementeô dlets

(Flg. 5, 71. Thts ls ln contrast to thc results of Teh et

al. (1982) who reported a slgnlflcant lnprovernent ln total
galn from 34.7 kg to 16 kg over 8 seeks when dletary P wag

lncreased from 0.24t to 0.31t. Langer et al. (1985) algo

reported slgnlflcantly hlgher average dally galn (ÀDG) from

0.84 kg/6ay to 0.91 kg/day vhen ôletary P level vas

lncreaseö f rom 0.2t1 to 0.30. }lote recently, Jackson et aI.
(1988) reported slgnlflcantly hlgher ÀDG from 0.8{ to 0.9{

kg/ôay nhen dletary P wea lncreased from 0.26 to 0.3,1t.

Fallure for the treatment dlfferences to be slgnlflcant nay

be due to the htgh varlablllty (Tab1e 8) .ln velght galn

emong anlmals and a llnited number of anlmals. FIeId and

Uoolllang (198{) uslng chfinaera-derlveô sheep to mlnlnlze

lndlvlduat varlatlon, rere able to ghov that among four

Eets of trtplets the cfflclency of P absorptlon varled fron

as lou as 62t to as hlgh as 84t. The resultg of thls study

are ln agreement wlth those of Pope et aI. (1958) who also

shosed no dlfferenceE ln ÀDG vhen dletary P was lncreased



TABLE 7. The actuat feed intake and gain of calves averagÍng a body weight of 96 kgl

Feed intake kg/daY

Total crude protein
Consumed
Regut red2
Consumed,/requi red ( S)

lln¡leorad¡hì e i ntake Drotêi n
Consumed
Requl red
Consumed,/requi red ($)

Dcoradable inl¡ke prgts-i.¡l S
Consumed
Regul red
Consu¡ned,/regui red (t)

Calciurn g/day
Consu¡ned

Phosphorus g/ðay
Consumed

Oarlv galn kg
ExpecÈedJ
Rci.ual4
nctual,/expected (t)

Dieta ry Treatments

0.25t P
Cont rol

2.69

355
390
9l

146
362

40

o -1?1 P

I
2
3
4

Canola

The average liveweight of calves from 4-10 weeks on test
Requiremenb for 96 kg calves from NRc 1989 Table 6-2
naied on cnergy consumecl using NEm and NEg calculations
i\verage daily gain from. 4 to l0 weeks on tesL

2.72

394
478

82

165
442
37

229
88

260

I4.7

8.0

0 .85
0.99
tt6

Biophos Canola

209
72

290

2.82

367
456

80

149
424
3s

218
85

2s6

t6.2

8.3

0.92
0 .95

103

o -161 p

l5.t

6.2

0.83
0.81

98

2.99

466
530

88

176
49r

36

290
98

296

20 .3

10.0

r.0l
t.0l

r09

Biophos Canola

2.65

360
435

83

t47
402
36

213
80

266

t5.0

8.8

0 .82
0.90
It0

0.40s P

3.02

507
532

95

187
495

38

B iophos

2.65

37I
4r0

90

150
379

40

22t
..7 6
29L

15 .5

9.8

0 .8t
0.85

105

120
99

323

17.0

11.3

I .07
r.tl
t04
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TABLE B.

46

Coefficients of variat'ion of resPonse criteria
used in the studY.

Cr ite r ion

Dry matter consumPtion

weight gain

f eed,/gain

plasna calcium

plasma inorganic P

rib ash

P in ash of bone

Ca in ash of bone

Breaking force

9.4

20.7

16.5

13 .0

L2.9

3.8

5.6

5.5

I4 .5
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from 0.23 to 0.32 and 0.{1t wlth welght galns of 1.0

kg,/day. Datly gains in the present trlal ranged from 0.82

to 1.0? for the varlous treatnentg vith an average of 0.9

kg (Table 71.

lhere uere no slgnlflcant dlfferences ln feed:galn

ratiors (Table 6). Thls Ie In agreement slth the reeults of

febb et al. (1975) who reported no slgnlflcant dlfference

In feed:galn ratlos when dletary P sas lncreased from 0.lt
to 0.2t. Slnllarly, Hlller et al. (198?) reported no

slgnlflcant dlfferences ln feed converaton eftlclency when

dletary P was lncreased from 0.14 , 0.2 and 0.32t. Ulse et

aI. (1958) however, reported lnproved feed:galn ratlos uhen

dletary P was aupplernented f ron 0.1{ to 0.22, 0.3 and

0. 38t.

the net energy galn content of experlnental dlets
(Table 3) was hlgher than reconmended by !|ÀS-NRC (198S

table 6-5). Haklng the assungtlon that the average calf
welght from {-10 weeks of the experlment was 96 kg, then

accordlng to NRC (198S table 6-2) for large breed groulng

males the requlrement for NEm and NEg were calculated. lhe

calculated NEm and NEg values for the dlets (Table 3) along

slth actual lntakes uere used to compare expected welght

galn (Tab1c 7l vs actual velght galn based on anount of

NEg left for galn after n¡alntenance energy requlrements had

been net. Calves on the control ôIet galned 98t of expected

whlLe on average the Cl{ calveg galned 110t and Blophos
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calvea galned 106t of expected, suggestlng aone advantage

for the P aupplemented calves. The assumptlon rar¡ made that

the level of proteln ln the control, 0.32t P-CH dlet and

the Blophos supplement,ed dlets weE adequate for expected

grouth ratea. thomaE and Tlnnlntt (1976) fed lloLstein

calves veaned at about 6 ueeks dletary proteln levels of

10, L2, 1{ and 16t (alr dty) from a SBM nlxed ratlon and

reported no slgnlflcant dlfferences ln gronth rate among

the L2, Ll, and 16t dletary CP levels hosever, calvès fed

10t CP had Lees galn (1549/fl¿y¡. Jones et aI. (1974) fed

HolsteIn bull calves veaned at four weekE dletary CP level.s

of 10, 1å and 18t (Dtt basls). They also reported

slgnlflcantly lorer average dally galns for the 10t CP dlet
but not betueen 1{ and 18t. Ingalls and Devlln (1970) also

reported no slgnlflcant dlfferences In wetght galn or feed

converslon efflclency for dalry helfers fed dletE

contalnlng LZ or 15 percent crude proteln (as fed basts).

Recent data (Ingalls et al. 1989) ulth young groulng

llolsteln calves fed 13.{ to 16.3t CP (as fed) reported no

slgntflcant ðlfferences 1n galn, lntake or feed/galn

¡atlos. Theae data suggest that proteln ueE not llmlttng
grouth ln the present experlrnent. On average the

supplemented groupa galned 8t more than expected (Table 7l

baeed on calculated NEm and NEg requlrernents and lntake

shereas control cal.ves galned 2l less than calculated. The

actual consurnptlon of crude proteln ranged from 80-91t
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(Table 7l of the requlrement accordlng to NAS-NRC table 6-2

(1988). Control calves consumed 91t of requlrement. ftth
the increaslng supplementatlon of Cl{, crude protein

consumptlon lncreased from 82t to 95t of the NAS-NRC

requlrement and Blophoe supglemented calves consumed 80-90t

of requlrement. The undegraded lntake proteln (UIP) ls that

proteln that escapeE rumen fermentatlon and when dlgestlble

becomes avallable for absorptlon by the tlssues from the

snålI lnteetlne (NAS-NRC 1988). The UIP content (Table 3)

of the dlets were calculated uslng NÀS-HRC table 7-3

(1988). ÀII the experlmental dlets uere belov recomended

NÀS-NRC table 6-5 (19881 leve1s for 3-6 month old calves.

Intake of UIP (Table 7l ranged from 35-{0t of, that

requlred for 96kg calves uslng actual uelght galns f,rom the

4-10 week perlod (NÀS-NRC table 6-2, 1988) wlth welght

galns of 98 to 110t of expected baeed on enelgy lntake and

80 to 95t of expected baEed on crude proteln lntake, the

I|AS-NRC (19SS) valueg and,/or requlrenent for UIP must be ln

error. It ls posslble that slnce the dlets were pelleted

and thus heated there may have been Eome snall lncrease ln

UIP. Unpubllshed data on a dalry cow graln ( Ingal'Is-

Omole, Unlverslty of Hanltoba, Personal conmunlcatlon)

mlxture uslng the same pelletlng procedure sould suggest

no change ln protetn degradability wlth pelletlng of the

canola meal supplement. R. CampbeII (1990, unpubllshed

thesls) uslng a canola meal-barley dlets reported calves
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at 100 kg consumed 61t of NAS-NRC (1989) requlred of UIP on

a calculated basls from N^âS-NRC Table 7-3. Àctual rumen

degradabtlity data suggested consumptlon equal to 39.8t of

}|ÀS-NRC requirenent suggestlng that the calculations for
UIP nay be ln error. The degraded lntake proteln (DIP) of

all expezimental diets sas much hlgher (Table 3 and Tab1e

7l than NAS-NRC 1988 recommended levels. Degraded lntake

proteln ls broken down in the runen to glve avallabLe

nltrogen and an efflux of annonla. The avallable nltrogen

nay be lncorporated lnto mlcroblal proteln vhereby the

dlgesttble portlon of the bacterla becomeE avallable for
absorptton by the louer GI tract.

Dletary P levels had a slgnlflcant effect on plasma

tnorganlc P concentratlon (Table 9 ). Several reeearch

studles have lndlcated that plasna lnorganlc P levels are

lndlcatlve of dletary P levels (Àrrlngton et al. 1962;

Hodgson et al. 19{8; Long et al. 1956; Teh et aI. 1982 and

llse et al. 1961). The dtetary P level before the start of

the experlment was used as a covarlate to examlne whether

tnitlaL blood P levelE affected the expression of

treatnent dlfferences (Appendlx Table 21. there were

slgnlflcant (p < 0.05) dlfferences due to lnltlal blood P

Levels at the Etart of the experlment (seek= 0) but

thereafter dlfferences uere not slgnlflcant. Plagrna

lnorganlc P leve1g appeðred to decllne durlng the lnltlal
tvo weeks for calves on all treatments (Flg. 8, 9, 10).



TÀBLE 9. Effect of dietary phosphorus level on the concentration of calcium and phosphorus in blood p1asma.l

Parameter

PÌasma P mgl100 ml

0-4 weeks

4-l-0 weeks

0-10 weeks

Plasma ca mgl100 ml

0-10 weeks

1 Least squares means.

I Standard.error of the mean with six animals
ub" M"".r" within the same row with different

0.25t P
controT

9.18d (0.3?) 10.Ozc

8.29d (0.37) g.2Oc

8.73 9. 6L

Canola Biophos Canola
0.32% P

Dietary Treatment

lj..1 ( o.27)ab 11.6a 11.Lab 11.1ab 10.5þ

10.3c

9. 3c

9.79

0.36t P

to.68b g.7gc

10.69b LO.22c

10.69 10.09

Biophos CanoIa

per treatment except for
Ietters are significanÈIy

0.40t P

11. 494

11. 944

LL.7J

Biophos

9. gzbc

10. 57b'

LO.22

the controL, which had five animals.

different (P<0.05).

t s.8.2

11.1ab

0.34

0.34

10.4b 0.25

(Jl
r¡
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wlse et al. (1959) with no depletlon perlod also observed a

decrlne In serum lnorganlc P concentratlon from an lnltlal
value of 7mg,/100ml with intakes considered adequate.

l{irler et al. (1987) at the beglnlng of a four-week

depletlon period reported an average serum inorganlc p

level of 5.6m9,/100m1 whlch had decllned to Z.g at the end

of the depletlon perlod with a dlet contalning 0.08t p. In

the present study the average lnltlar prasma lnorganic p

Ievels for all treatments was 13m9,/100m1. ThiE high initial
level of P ¡nay have been due to the p rich diets fed to
the calves before the start of the experiment. Some

research studles on avallabllity of P have been conducted

wlth a prellmlnary depletlon period where a very 1ow p dlet
yas fed prlor to lnltlating the experlment so that body p

stores would be depleted. Langer et aI. (19s5) conducted a

study wrthout a depretlon perlod whereas Teh et ar. (1982)

had a two week depLetlon perlod where a 0.16t p dtet was

fed yet concluslons drawn from both studles were slmilar.
P1asma1norganIcPconcentrationsh'eres1gnificantly(p<
0.05) lncreaEed for the CM supplemented dlets wlth each

increage 1n P leveI to 0.40S but only significantly
increased to 0.321 wlth the inorganic source (Table 9). The

plasma P leveLs continued to increase with the higher

levels of Blophos fo¡ the 4-10 week data but the

dlfferences were not slgnlficant (p > 0.05). Ternouth and

ServllIe (1983) and Mllton and Ternouth (1985) reported
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that dry matter lntake and thus quantlty of P consumed nas

dlrectly related to plasma lnorganlc P levels. The observed

trend towards higher feed co.nsumption (Table 6) with the CM

supplemented diets as dletary P waE increased to 0.41 may

explain the slightly higher plasma P levels for caLves on

the CU dlets compared wlth those recelvlng the Blophos

supplemented dlets. Dletary P consumptlon (Table 7l by

calves on the CM vs Blophos dlets would tend to support the

above.

The average plasma calclum concentratlon was not

slgnlflcantly (p > 0.05) affected by dletary P levels
(Tab1e 9¡ Flg. LL, LZr 13) except for the loser (p < 0.05)

plasma calclum levels of calves fed the Blophos 0.36t P and

0.40t P dlets compared wlth calves fed the .32t P canola

meal diet. the calcium consumption (Tab1e 7l however was

not dlfferent and no explanation can be provlded for
slgnlf lcantl.y Iower blood calcium valueE observed.

The breaklng strength of the elghth and nlnth rlbs were

not slgnlficantly dlfferent (p > 0.05) among treatments

(Table 10). However, with the eighth rib and ninth rib
canola diets (P = 0.1) there was a trend towards a hlgher

breaklng strength wlth P supplemented dietE. These results
support those of Teh et al. ( 1982 ) who reported

slgnlflcantly hlgher breaklng force ln elghth and nlnth rlb

bones of dalry calves fed 0.31t as compared to those fed

0.24$ P. SlmllarIy, Jackson et al, (1988) observed that
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TÀBLE 10. Effect of dietary phosphorus on the breaking force, bone ash, bone calcium and bone phosphorus of theeighth and ninth ribs of male Holstein calves.Ì

Parameter

Breaking force,

Eighth rib
Ninth rib
x

Bone ash, %

Eishth rib
Ninth rib
Y

¡3

P

P

X

in ash, ? eiqhth rib
in ash, % ninth rib

163.1

151.0

157. 1

Ca in
Ca in
L

(L2.614 Ls7.5

(12 .6 ) 1s9. s

178.5

ash, % eighth rib
ash, å ninth rib

Canola
0.32t P

1 Least sguares means.

2 Standard error of the mean with six animals per treat¡nent except for the
3 N = Ne$¡ton where 1N = 10 kg.

4 Numbers in parenthesis indicate the standard error for the control.

49.0 ( 0. 81 )

48.s (0.BL)

48.8

Dietary Treat¡nent

Biophos Canola

2t8.9

151.5

185.2

8.e (0.23)

9.4 (0.23)

9.2

48.7

46.5

47 .6

246.4

2L4.7

230 .6

17.s (0.45)

t7 .7 ( 0.45 )

L7.6

47 .4

47.5

47.5

9.0

9.3

9.2

2r3.6

178.1

195. 9

0.40e" P
Canola Biophos

47 .4

46.2

46. I

L7 .4

18.1

17.8

9.0

9.2

t.L

236.0

2L2 .3

224.2

46 .4

46.7

46.7

L8.2

L7.6

L7.9

9.0

9.4

9.2

t98.2

155.8

L77.O

46.2

46.0

46.0

t s.8.2

L7.9

17.9

t7.9

9.2

9.4

9.3

45.7

46 .6

46.6

Ll-. f,

11.5

9.5

9,2

9.4

19.0

L7.7

18.4

L9.2

17.8

18. 5

9.6

9.4

9.5

0.75

0.75

control, which had five animals.

r.8.6

18.4

18.5

0.2I

v. ¿L

0. 41

0. 4l_
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lncreasing dietary P from 0.26 to 0.34t slgnlficantly
increased the bending moment of the tibia and ninth rib. No

further increase occurred when P was suppLemented to 0.41t.

No stgnificant (p > 0.05) effect of dietary P on rib ash

percentages nere observed in both the eighth and ninth ribs
(Table 10). No signlficant (p > 0.1) rib and dletary P

lnteractlon occurred lndlcatlng that the response to

dletary P was slmllar for both the elghth and nlnth rlbs.

In a study by Llttle (1984) anlnals were slaughtered and

dlssected and total body P measured among muscleE, vlscera,

blood, skln, sternum/coastal cartll.age, appendlcular, axlal
and rib bones. They reported the rlb waE the most

responsive to P deficiency since the concentration of P ln

total fresh rib was 5.4t and 4.5t for the dietE designated

as hlgh and low respectlvely. There were no slgniflcant (p

> 0.05) differences among treatments In bone ash, bone

calcium and bone P (TabLe 10). Thls ls congistent with the

results of llise et al. (1951) and Mlller et al. (1987). Teh

et aI. (1982) however, reported slgnlflcantLy hlgher bone

ash content when dletary P leve1 was lncreased from 0.24 to

0.3lt even though bone calclum and bone P were not

dlfferent. Iflse et al. (1958) also reported a slgnlflcant

lncrease ln bone ash content of the nlnth rlb when dletary

P was increased from 0.14, 0.22 to 0.301. No further

improvement occurred at a suppl.ementation of 0.38t. These

results ðte in agreement with those of Jackson et al.
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(19SS) who reported a stgnlflcant lncrease ln bone ash and

bone P content of the seventh and tenth rlb as dletary P

was increased from 0.24 to 0.34t. Supplementation to 0.41t

resulted In no further lmprovement. No slgnlflcant
dlfference ln bone cal.clum however was observed. The

fallure for the treatment differences to show slgnlficance

Eor the breaklng force of the elghth rlb may have been due

to the high indlvidual animal (Table 8) varlatlon (c.v.=

14.5t).

In Eltu measurement of phosohorus ôlsaopearance

Phosphorus dlsappearance from CH and SBM measured uslng

ny1onbagssuspended1ntherumenwaEs1gnlf1cantly(P<
0.05) hlgher for SBM than for CM samples B, D and E at Lz

and 16 h of incubatlon. Àlthough, a lower level was found

for samples À and C, they were not slgniflcantly dlfferent

from SBM (Table 11, Flg. 14). The degradation of DM at LZ h

vaE not dlfferent (p > 0.05) for SBM and CM samples

(Àppendlx Table 5). Dlsappearance of DH (KendalI 1988) for

CM samples B and D was less (p < 0.05) than that of CM

sample C ({0 and 37 vs 47t). This trend was also noted for

P (Table 11). Differences ln processing techniques of the

CH samples may affect degradabillty ln the rumen, since

the samples were obtalned from flve dlfferent processors.

Although, dlrect comparlEons cannot be made slnce the 12 h

and 16 h tr1als were carrled out on dlfferent days more P



TABLE 11

Parameter

Rumen, lower gastrointesEinal tracb, pepsin digestion and total
disappearance (t).

Rumen incubation

12 h

16h

Lower GI tract2

12 h rumen incubation followed bY
pepsin e HCI digestion.

Pepsin digestibility3
16 h rumen incubation and
no pepsin & HCI digestion.

Tota1 GI tract,

12 h rumen incubation followed bY
pepsin & HCI digestion.

16 h rumen incubaLion and
no pepsin e HCI digestion.

A-CM

I sEandard error of the mean.
I phosphorous disappearance from rumen fermentation residue
J t of rumen digest,ed by pepsin
a'b'c Means within the same row with different subscripts are significantly different (p < 0.05).

52.54b

77 .54

B-CM

gastrointestinal tract in siÈu phosphorus

42 3bc

65.3b

c-cM

89.7

83 .6

79.4b

5o .oab

69.7ab

D-CM

93 .7

80 .9

78.7b

36.4c

66.5b

E-CM

89.4

73 .4

76.8b

95 .2

95 .3b

46.8bc

63 .9b

F-SBM

90.2

72.7

76.3b

96 .3

92.6b

60 .24

77 3a

! s.E.

90 .2

78.8

76.rb

94.7

92.gab

1.39

t.23

88.9

86 .0

9r .04

93 .7

92.0b

r.32

t.47

t.22

94.7

91.4b

95.6

97 .94

1.04

0 .86

o\
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disappeared at 16 h of rumen incuÞation as one would

expect. Ha and Kennelly ( L984 ) reported significant
differenceE ln DM disappearance between CH and SBM (5?.?t

and 51.9t respectively) when incubated in the rumen for L2

h. Àt 24 h of incubation there were no significant
dl fferences between sBM and CH ( 74 .lt and 70 .6t

respectlvely).

The dlgestlon of P from rumen lncubated samples In the

lower GI tract was not slgnlficantly (p > 0.05) different

for SBI{ and CM at LZ h for sampLes predlgested vlth 1$

pepsln-HC1 prlor to lnsertlon lnto the duodenum (Table 11;

Fig. 14). Kendall (1988) using similar CH samples reported

no significant differences 1n lower tract DM dlsappearance

among canola meal sample at LZ h of rumen incubation and

all CM samples resulted ln less DM dlsappearance than SBH

(Appendlx Table 5). Wlth no pepsin-HCl predigestion of the

16 h rumen lncubated samples, P dlsappearance in fhe rumen

uas higher (p < 0.05) for SBH than all the CH samples in

the lower GI tract. There was a slmllar trend for DM

d1sappearancebutcano1amea1samp1eBwas1ower(p<

0.05) than that of canola meal samples D and E (Àppendlx

Table 5). Phosphorus dlsappearance appeared hlgher than

that of DH especlally for the 15h lncubatlon period. The

levels of P and Dil disappearance appeared to follow similar

trends among the CH and SBM sanples.

The total tract digestion of P was not significantly
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dlfferent (p > 0.05) for SBM and Ct{ for those samples

predigested wlth pepsln-HCl prlor to lnEertlon into the

duodenum (Table 11; Fig. .14). Àt 16 h of rumen incubation
without pepsln-HCl dlgestion, total tract p digestiÞility
was significantly (p < 0.05) higher for sBH than for the ctf

samples B, C, D, E (Table 11). The values for the LZ h

rumen incubatlon samples for rttrueff dlsappearance of p

compared well wlth the results of Preston and pfander

( 196¿ ) who reported apparent digestibil.ity of p ln
dlcalclum phosphate of 90-931. Lofgreen et al. (1952)

reported true dlgestibltlty of P ln casein by young calves

to be 94t.



sul.lHÀRY

À growth trlal wlth young rapldly growlng calves was

used to evaluate the avalrablllty of P from ct{ relatlve to
Blophos. Dry rnatter consumptlon was not signiflcantly
lncreased wlth lncreaslng supplementatlon of dletary
phosphorus from elther Eource, although a trend towards

lncreased consurnptlon wlth supplementatlon of CH dlets from

a dietary level of 0.32 to 0.361 was observed. There were

no signiflcant increases ln weight galn due to increased

supplementation wlth P¡ however, a trend towards higher

galn among CH supplemented dlets yas observed. The plasma

lnorganlc P concentratlon was slgnlflcantly lncreased up to

0.¡t0t P wlth lncreaslng IeveIE of P from CH and up to 0.32t

P wlth Blophos supplementatlon. If blood plasma lnorganlc P

levels are taken as a measure of dletary P avallablltty
then the avaIlablIlty of P from CM was at least equal to

that of the lnorganlc source.

No slgnlflcant effects (p > 0.05) of dletary P levels on

rlb ash, bone calclum and bone phosphorus percentage were

observed. The breaking force of the eighth and nlnth ribs
vere not slgniflcantly (p > 0.05) affected by dletary P

supplementatlon. There was a trend towards a higher

breaklng force for the CM supplemented dlets up to a

dietary level of 0.36t for the elghth rlb bone, whlch

seemed to lndlcate the absorbed P was belng depostted in
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bone. In situ phosphorus disappearance from the rumen was

significantly higher for SBM than for three of the five CH

samples at LZ h and 15 h of rumen incubation.

The ln sltu phosphorus disappearances from CH in the

rower Gr tract appeared to be reduced when the samples were

not predlgested wlth pepsln-llCl. ThIs was not true for SBM.

The ln sltu P dlsappeatance from the total tract was not

slgnlflcantly dlfferent between SBM and CM when pepEIn-HCI

dlgestlon was used. These data lndlcate that the hlgher

concentratlon of P In CU ls dlgested equally as well aE

that In SBM.



coNcLusIoNs

1. On the basls of plasna lnorganlc phosphorus

concentrations, phosphoruE availabllity from canola meal

ls at least equal Èo that of Blophos.

2. The total gastrointestlnal tract availabillty of

phosphorus from 5 dlfferent canola meal samples was

equal to that of a soybean meal sample as neasured by

the moblle nylon bag technlque when samples were

dlgested wlth pepsln-HCI prlor to enterlng the

gastrolntestlnal tract.

3. Recommendatlons for future regearch lnclude a longer

experlmental perlod of 14-16 weeks so that perhaps some

dlfferences may be manlfested.

69



Blbllogrephy

Ammerrnan, c,8,, R,l{. Forbes, u,g, Garrlgus, A.L. Nemtann,H.l. Norton and E.E. Hatfleld. 1952. Rumlnantutlllzatlon of lnorganlc phosphates. J. Ànim. Scl. 16:
?96-810.

Àgrlcultural Research councll. l98l. The nutrlent
requlrements of plgs. commonvealth tgrlcultural Bureau,
SIough, U.K.

Arrlngton, L.R., C.B. Ammernan, D. yap, R.L. Shlrley and G.K.Davls. 1962. Measurement of phosphorus avalrablrlty for
calves. J. Ànlm. Sci. ZLz 987 (Àbstr. )

Àssoclatlon of offlclal Àgricurturar chemlsts, 19o{. offrclal
nethode of ana1yEis. L2 ed. ÀOÀC, lashlngton, D.C.

Balrey, c.B. and R. Hlronaka. 19?0. l{axrmum loss of food from
nylon bags ln the rumen of steers as rel.ated to apparentdlgestlblllty. Can. J. Àn1n. Scl. 50: 325-330.

Banks, J.N. and R.H. s¡nlth. 198{. sltes of absorptlon of
rnagneslum and phosphate ln the stonach of the rumlnatlngcalf. Proc. Nut. Soc. {3: I (Àbstr. )

Barrlo, J.R,, A.L, Goetgch and F.N. Owens. 1986. Ef fect of
dletary concentrate on ln sltu dry rnatter and nltrogen
dlsappearance of a varlety of feeôstuffs. J. Dalry Scl.
69:120-430.

Bayley, ll. S . , D. Althur, G. H. Bowman, J . pos and R. G.
Thonson. 1975. Influence of dletary phosphorus Level on
growth and bone development ln boars -aña gitts. J. Ànlm.
Scl. 40: 864-870.

BeLl, J.H. 1982. From Rapeseed to canola: A brlef hlstory of
research for superlor meaL and edlble oll. poultry gcl.
61:6L3-622.

8e11, J.l,l. 1984. Nutrlents and toxlcants In rapeseed meal: A,
revleu. J. Anlm. Scl. 58: 996-1010.

Ben-Ghedalla, D., H. Tagarl, S. Zamvell and A. Bondt. 19?5.Solubtllty and net exchange of calclum, nu¡gnesslum and
phosphorus ln dlgesta flowlng aLong the gut of sheep. Br.
J. Nutr.33:87-94.

70



Braithwaite, G.D. 19?8. The effect of
hydroxycholecalclferol on calclum and phos
metabollsm ln the lactatlng ewe. Bt. J. Nutr. {0: 38

Bralthwalte, G.D. 1980'. The effect of dose rate of 1-æ-
hydroxycholecalclferol on calclum and phosphorus
netabo.llsm ln sheep. B!. J. Nutr. 44: 183-191.

Brennan, J.J. and F.X. Àherne. 1986. Effect of dletary
calclum and phosphorus levels on perforrûance, bone bendlng
moment and severlty of osteochondrosls and lameness ln
boars and gllts slaughtered at 100 or 130 kg body welght.
Can. J. Anlm. Scl. 66¡ 777'790.

Brockrnan, R.P., B. Laarveld and D.A. Chrlstensen. 1983. Use
of lower canola meal as a proteln supplement for dalry
ratlons. In: ?th Progress Report. Research on Canol.a Seed,
O11, l{eal and HeaI Fractolns. Canola Councll of Canada.
Pub. no. 51. pp. 91-9?.

Burton, J. 1983. The use of canola proteln ln dtets for
prerumlnant calves. ?th Progress Report. Regearch on
Canola Seed, oll, l,leal and ìleal. Fractolns. Canola Councll
of Canada. Pub. no. 61. pp. 98-102.

Bush, R.S., U.G. Nlcholgon, T.M. l,laclntyre and R.E. Ìlcoueen.
19?8. À comparlson of Candle and Tower rapeaeeö meaLg ln
lanb, sheep and beef steer rations. Cen. J. AnIm. Scl. 58:
359-376.

Call ¡ J.Y.2 J.E. Butcher¡ J.T. Blake, R.À. Smart and J.L.
Shupe. 19?8. Phosphorue lnfluence on growth and
reproductlon of beef, cattle. J. Ànlm. Scl. 47¿ 2L6-225.

Chang, C.Il. 196?, Study of phytase and flourlde effects ln
germlnatlng corn seeds. Cereal Chen. 44¡L29-L42.

Chlcco, C.F., C.B. Ammernan, J.E. Moore, P.A. van Uelleghent
L.R. Arrlngton and R.L. Shlrley. 1965. Utlllzat1on of
lnorganlc ortho-, meta- and pyrophosphates by lanbs and by
cellulolytlc rumen mlcroorganlsms ln vltro. J. Ànlm. Scl.
LZl: 355-363.

C1ark, R.C., O.E. Budtz-Ouen, R.B. Crossr P. Flnnamore and
P.A. Bauert. 19?3. The lmportance of the sallvary glanda
in the malntenance of phosphorus honeostasiE in the sheep.
Àust. J. Àgrlc. ReE. 24: 913-919.

7L

1-aC-
phorus
7 -392 .



72

C1aypool, D.1., C.l{. Hoffnan, J.E. Oldfle1d and }1.P. Adams.
1985. Canola meal, cottonseed, and soybean neals as
proteln supplements for calveg. J. Dalry Scl. 68: 67-70.

Coppock, c.8., R.W. Everett and l.G. l{errlll. L972. Ef fect of
ratlon on free cholce consumptlon of calclum-phosphorus
supplements by dalry êattle. J. Dalry Scl. 55: 245-256.

Cravf ord, R.J. Jx., W.H. Hoover, C.J. Snif fen and B.À.
Crooker. 19?8. Degradatlon of feedstuff nltrogen ln the
rumen vE. nltrogen solublllty in three Eolvents. J. Ànim.
Scl. 46: L768-L775.

Crenshav, T.D., E.R. Peo, Jx., À.J. Lewls and B.D. Moser.
1981. À bone strength as a tralt for assesslng
nlnerallzatlon ln swlne. A crltlcal revlev of technlques
lnvolved. J. Anlm. Sc1. 53: 827-835.

Crenshaw, T.D., E.R. Peo, Jt., A.J. Lewls, B.D. l{oser and D.
OIson. 198lb. Influence of Ër9êr sex and calclum and
phosphorus leveIs on the ¡¡echanical properties of varlous
bones In Ewlne. J. Ànlm. ScI. 52¿ 1319-1329.

Deacon, l{.4., G. DeBoer and J.J. Kennelly. 1988. Inf luence of
Jet-Splodlng and extruslon on rumlnal and lntestlnal
dlsappearance of canola and soybeans. J. Dalry Scl. 71:
7 45-753.

Eskln, N.À.H. and S. Ulebe. 1983. Changes ln phytase actlvlty
and phytate during germlnation of tvo Fababean cultlvars.
J. Food. Scl. 48: 270-27L.

FteId, À.C. and J.À. Wolllams. 1984. Genetlc control of
phosphorus metabollsm ln sheep. Can. J. Ànlm. Scl. 64
(Suppl. ): 232'233.

F1sher, J.R. and D.S. flaLsh. 19?5. Substltutlon of rapeseed
meaL for soybean meal as a Eource of proteln for lactating
coeE. Can. J. Ànlm. Scl. 56: 233-242.

Grace, N.D., M.J. Ulyatt and J.C. HacRae. L974. Quantltatlve
dlgestlon of freEh herbage by sheep. 3. Hovement of Mgt
Cê, P, K anö Na ln dlgestlve tract. J. Àgrlc. Scl. 822
321-330.

Grandht, R.R., À.8. Thornton-Trump and C.E. Dolge. 1986.
Influence of dletary calclum-phosphorus level.E on certaln
mechanlcal, physical and histologlcal propertles and
chemlcal compoEltlon of bones ln gllts and second lltter
sows. Can. J. Ànln. Scl. 66: 495-503.



?3

Goerlng, H.K. and P.J. Van Soest. 19?0. Forage ftbre analysls(Apparatus, reagents, procedures and sone appllcatloñs) ..Àgricultural handbook nG!. 379 À.R.9. U.S.D.À:

Hð, J.R. and J.J. Kennelly. 1984. In sttu dry matter andproteln degradatlon of varlous proteln sources ln dalry
cattle. Can. J. Àn1n.. Scl. 54: 443-452.

HaI1¡, O.G.¡ H,D. Baxter and C.S. Hobbs. 1961. Effect of
phosphorus ln dlfferent chemlcal forms on ln vltro
ceLluloEe dlgeation by rumen mlcroorganlsms. J. Ànlm. Sci.
2Oz 817-819.

Harrlson, H.E. and H.C. Harrlson. 1961. Intestlnal transport
of phosphatel actlon of vltamin D, Ca and potasslum. À¡n.
J. Physlol. 201: 1007-1012.

Hodgson, C.!t., R.F. Johnson, À.C. gelse and C.W. Hlck¡nan.
1948. A comparison of Eteamed bone meal and defluorlnated
superphosphate as phosphorus supplements for fattening
steers. J. Ànlm. ScI. 7z 273-278.

Ingalls, J.R., and t{.8. Seale 19?1. Ef fect of contlnous
feedlng of rapeseed meal on growth of dalry calves anö
subseguent flrst lactatlon yleld. Can. J. Ànlm. Scl. 5¡
681-686.

IngalIs, J.R. and D.E. laldern. L972. Rapeseed meal ln
ratlons for dalry cattle. Canadlan rapeseed ln poultry and
an1mal feedlng. Rapeseeô .Assoclatlon of Canada. Publ. no.
16. 24-27 .

Ingal.Is, J.R., R. Campbell and T. Garner. 1989. Proteln
quantlty and quallty effects on growth of llolgteln male
calves for heavy veal. In: Technlcal 9clentiflc Papers
presented at a Conference for Àgrlcultural ProfeEsionals.
ìlanltoba Àgrl-Forum Dec. L2rL3. 1989. pp. 218.

Ingalls, J.R. and T.J. Devlln. 19?0. Proteln levels for young
ragldly growlng dalry helfers (11 weeks to 25 weeks). fn:
Àpplled Research Papers ln Ànlnal Sclence. Research
bulletln A.g. 70-1 pp 66-67.

Jackson, J.A. Jt., D.L. Langer and R.W. Hemken. 1988.
Evaluatlon of content and Eource. of phosphorus fed to
dalry calves. J. Dalry Scl. 71: 2L87-2L92.

Johnson, R.R. and K.E. McCIure. 1967. Sequesttng phosphatlc
solutlon as a phosphorus source for rumlnants. J. Dalry
Scl . 50: 1502-1504.



74

Jones, G.l{., L.P. Jacobs and L.J. }lartln. 19?{. Feed
consunptlon and grorrth of dalry helfer and bull calves fed
calf starters dlfferlng ln proteln content. J. Ànlm. Scl.
54: 3L5-324.

Kay, R.N.B. and E. Pf ef f er. 19?0. l{ovements of water and
eLectrolytes lnto aird from the lntestlne of sheep. In:
Phllllpson 4.T., €d. Physlology of dlgestlon and
metabol.ism ln the rumlnant. Newcaetle-upon-Tyne, England:
Orlel Press, 1970, pp. 390-,102.

Kendall, E.M. 1988. In sacco rumen degradatlon and
dlgestlblllty ln the lover dlgestlve tract of rumlnants,
of Cano1a Heal and Soybean Meal, (Canola Councll Report).

Klm, H. and N.A.M. Eskln. 1987. Canola phytase: Isolatlon and
characterlzatlon. J. Food Scl. 522 1353-135{.

KIrby, L.K. and T.S. Nelson. 1988. Total and phytate
phosphorus content of some feed lngredlents derlved from
grains. Nutrltlon Reports Internatlonal 37: 277-29O.

Ktrkpatrlck, B.K. and J.J. KenneIIy. 198{. Predictlon of
dlgestlblllty ln cattle using a modlfled nylon bag
technlque. Can. J. Ànln. Scl. 58: 1104 (Àbstr.).

Komlsarczuk, S., R.J Herry and À.8. McAlIan. 1985. The effect
of phosphorus deflclency on rumen mlcroblal actlvlty.
Proc. Nutr. Soc.44:1t11 (Abstr.).

Laarveld, B. and D.À. Chrlstensen. 1976. Rapeseed meal In
complete feeds for dalry cows. J. Dairy Scl. 59: L929-
1935.

Laarveld, 8., R.P. Brockrnan and D.À. Chrlstensen. 1981. the
effects of lower and Mldas rapeseed meals on mllk
productlon and concentratlon of goltrogens and lodtde ln
nllk, Can. J. Ànlm. Scl. 61: 131-139.

Langer, D.L., J.A. Jackson, Jr,, R.g. Hernken and R.J. Harmon.
1985. Effect of Level and source of phosphorus fed to
dalry calves. J. Dalry ScI. 58: 136 (Àbstr.).

Latta, H. and EskIn N.À.M. 1980. À simgle and rapld
colorlmetric method for phytate determlnatlon. J. Agric-
Food Chem. 28¡, 1313-1315.

Llbal, G.9., E.R. Peo, Jx. , R.P. Àndrew and P.E. Vlppernan,
Jr. 1969. Levels of calclum and phosphorus for growlng
flnlshlng swlne. J. Anlm. Sci. 282 331-335.



?5

Llttle, D.A. 1968. Effect of dletary phosphorus on the
voluntary consumptlon of Townvllle Lucerne by cattle.
Proc. Àust. 9oc. Ànim. Prod. ?: 376-382.

Llttle, D.A. 1984. Definltlon of an objective crlterlon of
body phosphorus reserveE !n cattle and lts evaluation ln
vlvo. Can. J. Anlm. Scl. 64 (SuPP1.): 229'23L.

Lofgreen, G,P. 1960. The avallablllty of the phosphorus [n
dlcalclum phosphate, bonemeal, soft phosphate and calclum
phytate for mature wethers. J. Nutr. 70: 58-62.

Long, T.A., A.D.' T1Ilnarr, À.8. Nelson, B. Davls and tl.D.
GaItup. 1955. Dlcal.clum phosphate and soft phosphate wlth
collolda1 clay as sources of phosphorus for beef heifers.
J. ÀnIm. Sc1. 15: 1112-1118.

Lott, 8.D., F.N. Reece and J.H. Drott. 1980. Effect of
precondltlonlng on bone breaktng strength. Poultry Sclence
59: 724-725.

Leuker, C.E. and G.P. Lofgreen. 1961. Effects of lntake and
caLclum to phosphorus ratlo on absorptlon of these
elements by sheep. J. Nutr. 742 233-238.

Mathers , J.e., C.H. Horton and E.L. Mtller . L977. Rate and
extent of proteln degradatlon in the rumen. Proc. Nutr.
Soc. 36: 37 (Abstr.).

Matsul, T.H., H. Yano and R. Kawashl¡na. 1984. Effect of
calcltontn on blLlary and sallvary excretlon of calclum
and phosphorus ln sheep. Can. J. Ànlm. Sci. 64: 225-226.

Mehrez, A.Z. and E.R. Orskov. L977. À study oi the artlflclal
flbre bag technlque for determlnlng the dlgestlbIIlty of
feeds ln the rumen. J. Àgrlc. Scl., Canb. 88: 645-650.

Hlller, f.J. 19?9. Dalry cattle feedlng and nutrltlon.
Àcademlc Press, New York, N.Y.

l{I1Ier, 8.R., D.G. Hendrlcks and D.E. UIrey. 1965.
Characterlstlcs of fresh and dry femurs of baby plgs. J.
Anln. Scl. 24t 897-898. (Àbstr. ).

Mlller, 1.J., M.rf . Neathery, R.P. Gentry, D.H. Blackmon, C:T.
Crowe, G.O. lare and A.S. Fleldlng 1987. Bloavallablllty
of phosphorus from defluorlnated and dlcalctum phosphates
and-phoãphorus requirement of calves. J. Dairy ScI. 70:
1885-1892.



76

l{1lton, J,T.B. and J.l{. Ternouth. 1984. the effects of
phosphorus upon ln vltro mlcroblal dlgestlon. Proc. Augt.
Soc. Anlm. Prod. 15: 472-475.

Mllton, J.T.B. and J.H. Ternouth. 1985. Phosphorus metabollsm
ln rumlnants. II. Effects of lnorganic phosphorus
concentratlon upon food lntake and dlgestlblllty. Aust. J.
Àgrlc. Res. 35r 647-654.

Hohamed, O.E. and R.H. S¡nlth, L977. Measurement of proteln
degradatlon ln the tumen. Proc. Nutr. Soc. 36: 152.
(Abstr. ) .

Natlonal Academy of sclenceg - Natlonal Research Counc1l.
1979 . Nutr lent requlrements of domestlc anl¡na1s. No. 2.
Nutrlent requlrements of swlne. NAS-NRC, Uashlngton, D.C.

Nattonal Àcadeny of Sclences - Natlonal ReEearch Councll. No.
{. Nutrlent requlrements of dalry cattle. Flfth Revlseô
Ed. Natlona1 Academy of Sctences Natlonal Research
Councll, Yashlngton, D.C.

Natlonal Àcademy of Sclences NatlonaL Research CounclI.
Nutrlent requlrements of dalry cattle. Slxth Revlsed
edltlon. Natlonal Àcadeny of Sclences Natlonal Research
CounclJ., Uashlngton, D.C.

NeIson, T.s., L.B. DanleLs, J.R. Ha11 and L.B. Shlelds. 19?5.
Hydrolysls of natural phytate ln the digestlve tract of
calves. J. Ànlm. Sci. 422 1509-1512.

lllmmo, R.D.¡ E.R. Peo, Jt., B.D. Moser and À.J. Lewls. 1981.
Effect of level of dletary calcium-phosphorus during
gronth and gestatlon on perfornance, blood and bone
parameters of sulne. J. Ànlm. Scl. 522 1330-1342.

Nocek, J.E. 1985. Evaluatlon of speclflc varlables affectlng
ln gltu eEtlnates of rumlnal dry natter and proteln
digestlon. J. Anlm. Scl. 50: 1347-1358.

Nocek¡ J.E. 1988. In sltu and other nethodE to estlnate
rumlnal proteln and energy dlgestlblllty: À revlew. J.
Dalry Scl. 71: 2051-2059.

Nvokolo, E. and D.B. Bragg. 1980. Blologlcal avallablllty of
nlnerals In rapeseed meal. Poult. Scl. 59: 155-158.

Orskov, E.R. and I . HacDonald. 1979. The estlnatlon of
proteln degradabtllty ln the lumen from lncubatlon
measurements welghted accordlng to rate of passage. J.
Àgrlc. Scl., Camb. 92: 499-503.



17

Papas, A., J.R. IngaLls and P. Cansfleld. 1978. Effects of-Tower and 1821 rapeseed meals and Tower gums on m!}k
yield, milk composition and blood parameters of lactating
dalry cowE. Can. J. Ànlm. ScI. 58: 671-679.

Pfeffer, 8., À. Thonpson and D.G. Armstrong. 1970. Studles on
lnteåtlnal dlgestion 'ln the sheep. 3. Net movement of
certaln lnorganlc elementE In the dlgestlve tract on
ratlons contalnlng dlfferent proportlons of hay and rolled
barley. Br. J. Nutr. 24: 197-204.

Pope, L.S., J. HcCroskey, D. Stephensr À.D. Ti}I¡nan and G.
Ifal!.er. 1958. PhoEphorus requirements of fattening
yearling steers. MiscellaneouE publicatlon 51 Juner PP.
33-35.

Preston, R.t. and W.H. Pfander. 1964. Phosphorus metabolism
tn lanbs fed varylng phosPhoruE lntakes. J. Nutr. 83: 359-
378.

putnam, P.4., D.A. Yarns and R.E. Davlg. 1956. Ef feCt Of
pelletlng ratlons and hay:graln ratlo on sallvary
ãecretlon and rumlnal characterlstlcs of steers. J. Ànln.
Sci. 252 1176-1180.

Rae, R.C. and R.R. Smlthard. 1985. EStlm¿tlOn Of true
nitrogen digestibllity ln cattle by a modlfied nylon bag
technlque. Proc. Nutr. Soc. 44¡ 116 (Àbstr.).

Raun, À., E. Cheng and lt. Burroughs. 1956. Phytate phosphorus
hidroiysls and avallablllty to rumen mlcroorganlsmg. J.
Agrlc. Food Chem. {l 869-871.

Sanchez, J.H. and D.l. Claypoot. 1983. Canola meal as a
proteln supplement ln dalry ratlons. J. Dalry Scl. 66:
80-85.

Sauer, rí.C., H. Jorgensen and R. Berzlns. 1983. À modlfteô
nyion bag technique for determlning apparent
digestlbllltles of protein ln feedstuffs for pigs. cen. J.
Àntm. Scl. 53: 233-237,

schlngoethe, D.J., G.L. Beardsley and L.D. M!IIer. L974.
pvãtuatlon of commerclal rapeseed meal and BronowEki
varlety rapeseed meal ln calf ratlons. J. Nutr. 104:
558-562.

SChnelder¡ K.H.¡ R.C. BOstOn And D.D. Leaver. 1982. The
metaboilsm oi PhogPhorus and calclum ln sheep durlng
lntravenous lnfuElon of phosphorus. Aust. J. Agric. Res.
33: 827-942.



78

Schnelder¡ K.Ì1.¡ J.H. Ternouth, C.C. Sevllla anô R.C. Boston.
1985. A short term study of calclum and phosphorus
absorptlon In sheep fed on dlets hlgh and low ln caLclum
and pñosphorus. Aust. J. Agrlc. Res. 36: 91-105.

Scott, D. and W. Buchan. 198?. The effects of feedlng elther
ha! or grass dlets on sallvary phosPhorus secretlonr net
lntestlnal phosphorus absorptlon and on the partltlon of
phosphorus éxcretlon between urlne and faeces !n sheep.
Ouart. J. ExP. PhYs. 72¿ 331-338.

Sedlin, E.D. 1955. å, rheologlcal model for cortlcaL bone.
Acta. Orthop. Scand. 36 (Supp. 1 83): 5-74.

sedlln, E.D. and C. Hlrsch. 1966. Factors affectlng the
determlnatlon of the PhyElologlcal propertles of femoraL
cortlcal bone. Àcta Orthop. Scand. 3?: 29-48.

Sharma, H.R. and J.R. Ingalls. 19?3. Comparative value of
soyËean, rapeseed aná for¡naldehyde-treated rapeseed rneal
in urea-contãlning calf rations. Can. J. Anlm. gci. 53:
273-278.

Sharna, H.R., J.R. Ingalls and J.À. HcKlrdy. L977. _Ef fects of
feedlng a hlgh level of Tower raPeseed meal |n dairy
ratloni on ieed lntake and ¡nllk Productlon. Can. J. Ànin.
Scl . 57: 653-662.

Sharrna, H.R., J.R. Ingalls and T.J. Devlln. 1980. Apparent
d1gästfUfifty of iower anö CandLe rapeseed_ meals by
HoÍsteln bull calves. Can. J. Àn1m. Scl. 60: 915-918.

Slmk1n, À. and G. Robln. l9?3. The mechanlcal testlng of bone
ln bendlng. J. of Blomechanlcs 5: 31-39.

Smlth, R.H. 198{. Mlcrobial actlvlty In the omasum. Proc'
Nutr. Soc. {3: 63-68.

Smlth, R.H. and B.M. Edrlse. 19?8. Àbsorptlon of nagnesslum
and phosphate ln the onlasum of the young steer. Proc.
Nutr. Soc. 37: 60 (Àbstr.).

Snedecor, G.W., and W.G. Cochran. 1980. Statlstlcal l{ethods'
Ztfr eàltlon. Ioya State University Press, Àmes, IÀ, U.S.À.

Stake, P.E., l,l.J. Owens and J. Schingothe . L972. Rapeseedr-
sunflover and soybean meal supplementatlon of calf
ratlons. J. DatrY ScI. 56: ?83-788.

Statlsttcal Analysls System, Inc. L982. Users gulde: baslcs'
1982 ed. Státlstlcál ÀnalysIs System Instltute, Inc.,
Cary, N.C.



79

Teh, T.H., R.W. Hemken and L.S.8u11. 1982. Eval.uatlon of
urea arnmonlum polyghosphate as a phosphorus source for
dalry calves. J. Ànlm. Scl. 55: L74-179.

Ternouth, J.H. and C.C. Sevilla. 1983. tfhen is a ruminant
deflclent 1n phosphorus? Proceedings, sth tforLd Conference
on Anl¡na1 Production, Vol. 2, pp. 379-380 ( Japan Soc.
Zootech. Scl. : Tokyo).

Thornas, J.W. and P. Tlnnlmlt. 1976. Ànounts and sources of
proteln for dalry calves. J. Dalry Sc1. 59: 1967-1984.

Thompson, R.ll. and W.J. Blanchflower. 19?1. Uet ashlng
apparatus to prepare blologlcal materlals for atomlc
absorptlon spectrophotometry. Lab. Pract 20: 859-861.

To¡nas, F.M. L974. Phosphorus Homeostatls ln sheep. II.
Influence of dlet on the pathway of excretlon of
phosphorus. Àust. J. Àgric. Res. 25: 485-{93.

Tornas, F.M. and H. Somers. 1974. Phosphorus homeoEtatls ln
sheep. I. Effects of ligatlon of parotid sallvary ducts.
Aust. J. Àgrlc. Res. 25: {75-483.

Underwood, E.J. 1981. The mlneral nutrltlon of llvestock. 2nd
ed. Cornmonwealth Agrlcultural Bureau, Farnham Royal
Slough, England.

leakley, D.C.¡ H.D. Stern and L.D. Satter. 1983. Factors
affectlng dlsappearance of feedstuffs from bags suspended
in the rumen. J. ÀnI¡n. Sci. 56: {93-507.

Itebb, K.E. Jr., J.P. Fontenot and M.B. WlEe. 19?5.
Utllizatlon of phosphorus from dlfferent supplementE for
growlng flnlghlng beef Eteers. J.ÀnIm. Sci. 40: 760-768.

lheeler, 8.8., D.!1. Velra and J.B. Stone. 1980. Comparlson of
Tower rapeseed meal and soybean meal as EourceE of proteln
ln pelleted calf starter ratlons. Can. J. Anim. Scl. 60:
93-9?.

Uhltlng, F. 1965. Feedlng value of rapeseed meal for
ruminant animals. Pages 61-57 in J.P. Boyland, D.R.
Clandlnln and t.R. Tetter, eds. Rapeseed meal for
llvestock and poultry. Can. Dep Àgr1c publ. No. L257
Queenrs Printer, Ottawa, Ontario.

Itllson, À,D. and D.E. Trlbe, 1963, The ef f ect of dlet on the
secretlon of parotld sallva by sheep. I. The dally
secretlon of sallva by caged sheep. Aust. J, Agrlc. Res.
14: 6?0-679.



80

Ifllse, H.8., S.E. Smlth and L.L. Barnes. 1958. The phosphorus
requlrenent of calves. J. AnIm. Scl. 1?: 89-99.

tflse, M.8., R.A. Ilentworth and S.E. Smith. 1961. Àvailabillty
oi the phosphorus !n'varlous sources for caLves. J. Anlm.
Sc1. 202 329-335.

gttt, K.E. anð F.N. Ovens. 1983. PhosPhOrUS: rgmlnal
avallablllty and effects on dlgestlon. J.Ànlm. Sc1. 56:
930-937.



Appendix Tabre r. Average dairy proLein intake, dry rnatter intake and gain for the experimental diets'

Parameter

Daily CP intake' g

1-10 weeks

Daily gain,9

0-10 weeks

Daily

1-r0

DM intake, kg

weeks

0.25* P
conE rol

295 .0

o -32* P

Canol a

631.4

301.4

Biophos

1.90

684.3

o-36t P 

-

282.8

CanoIa

1.90

698.6

3st.t

Biophos

2.0r

724.3

0.40r P
Canola BioPhos

270.0

2.10

62L.4

387.1

1.84

765.7

277 .l

2.L7

600.0

r .83

@
H
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Appendix Table 3.

Ing redient

Irlfatfa dehYdrated
Beet PUIP
Brerrers dried grains
Corn starch
Corn grain
l,lolases cane dried
Soybean meal
Urea
Fat 5.81
Canola ureal

The net enerlffr undergradabil ity
contents of ingredients used in

NE¡n
tlCat,/kg

t.24
1.71r.4'
2.2
I .87
r.52
r .89

5.8r
r.58

Ingredient (continued)

NEg
!,tCal./k9

Àlfalfa dehYdrated
Beet PUIP
Brewers dried grains
Corn starch
Corn grain
l{olases cane dried
Soybean neal
Urea
Fat.
Canola ureal

and calculations of t,he undegradable and degradable protein
the experinental diets on an as fed basis.

0.71
I .I3
0 .85
r.52
t.27
0 .96
r.28
5.8r
I .01

Protein fed
$

16
7.8
27 .9
0.6
8.7

48
28r
0
36

.32 BioPhos
protein UIP

Under-
gradabilityr

t

r ¡¡nc 1988 Table 7-3

kg

6 .566
23 .807
I r.094
30
15.7 .710
3.0
rl .7 I .966

:!4 ::

59
45
49

52

;;
0
0
28

kg

Cont rol
protein UIP

.36 Canola
protein UIP

k9 k9

kg

6
23
I
30.6
15.7
3.0
11.7
0.44
0
0

6 .566
23 .807
I r.094
2L
Is.7 .710
3.0

11.r r .e66

.06
10.0 r.008

k9

.566

.807
I .094

.710

i.gue
0
0
0

.32 Canola
protein UIP

k9 kg

.36 Biophos
proteln UIP

k9

6
23
I
26
15.7
3.0
tt.7
0
0.6
5.0

6 .566
23 .807
I r .094
30 .4
15.7 .710
3.0
11.7 1.966

:14 ::

k9

.566

.807
r.094

.710

i.rut

.50 4

.40 Canola
protein UIP

k9

6 .566
23 .807
I I .094
I5
15.7 .710
3.0
tt .7 1;966

1.71
15.0 r .5r2

k9

.40 Biophos
protein t IP-ks kg

6
23
I
30.2
15.7
3.0
Il .7

:!4

.566

.807
1.094

-710

::"'

æ(,



Appendix Table 4.. Diet caLcufated protein inLakes, experimental and actual' daity weighÈ 9ains.

Daily intake (kg as fed)
InÈ,ake required for maintenancez (kg)
Intake renaining for grov¡th (kg)
Calculated daily gainr (ks)
Experinental daily gain (kg)

Prote in :
calculated4 (t)
Deber¡nined (t)
Average intake (kS)
NRC requirement
calculãted intake urP5 (kg)
NRC requirenent (kg)
Calculated intake DIPo (kg)
NRC requirement DIP (kg)

1 piet calculated dry natber intake
2 piet calcufated NErn concentration
3 piet calculate<J. NEG concentration
4 Appendix Table J .
5 eõóendix Table ?, Table 3.
6 eËÞen¿ix Tabte 5, rable 3.

0 .25r P
Control

2.69
1.45
1.24
0.83
0 .81

t3.2
r4.3
15.8
16.4
6.r

L5.2
8.8
3.0

o ^32*, P
Canola BioPhos Canola

2.72
I.48
I.24
0.85
0 .99

14 .5
15.8
16.6
20 .r
6.9

18.5
9.6
3.7

for 4-10 weeks of
(Table 3, ÀpPendix
(Table 3, Àppendix

2.82
1.45
1.37
0.92
0.95

13.0
14.1
15.4
t9.1

6.3
r7.8
9.2
3.6

n -?6* p

2.99
1.48
I .51
1.01
1.t0

ts .6
t6.7
r9.6
22.3
7.4

20.6
I2.I
4.1

Biophos Canola

the experi¡nent (ApPendix Table 2) -

Table 4) . Àverage weight of 96 kg
Table 4) . Average weight of 96 k9

2.65
1.44
t.21
0.82
0.90

13 .6
14.7
r5 .2
18.3
6.2

16.9
8.9
3.4

o -40t P

i
l:

i

3.02
L.47
1.5s
1.07
t .rt

r6.8
t7 .9
21 .3
22.3
7.9

20.8
r3 .4
4.2

Biophos

2.65
1.45
1.20
0.81
0.85

14.0
15.1
15.6
L7 .2
6.3

I5.9
9.3
3.2

used 1988 revised NRC.
used 1988 revised NRC.

oo
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Appendix Tabre5.. Cornparisonìof an in sltu dry nabber and phosphorus disappearance ab 12 and 16 hours of rumen

incubation¡

Rumen incubation2

t2 h
PhosPhorus
Dry natLer
Diff e rence

r.6 h
PhosPhorus
DrY matter
oifference

Lower GI Lract

r2 h
PhosPhorus
DrY mabter

L6 h
PhosPho r us
DrY matter

s 2 .saP
43 .7aD
8.8

77 .54.
56.64o
20.9

I
2

D!1 disaPPearance
These data vJere

42 .3bc
40.1D
2.2

65.3b.
54.gaD
r0.5

f ro¡n Kendall
collect.ed f ro¡n

89.7.
5I .8D

?9.4P
39.00c

50.oab
46.94
3.r

6s .7aP
5 I .5aD
lt .2

(1988)
bhe sarne animals at

93.7.
56.6D

?8.7b
29.6c

36 .49
37.6D
-r.8

66 .sP
52.1D
I4 .4

89 .4
58 .8b

76.8b
37 .zb.c

Ehe same tirne

46.Sb:
4l.4aD

5 .4-

63.9b.
56.54o
7.4

90 .2.
62.0D

76 .3b
46.4b

60.24.
42.84D
L7 .4

77 3a
62.34
15 .0

90.2.
48.0D

76.r.
{L.6Þ

88.9
82.04

9r.04
84.54
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